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The purpose of this project was to study the relation-
ships between dynamic nearshore processes and beach changes 
at Napatree Beach, Rhode Island. Beach surveys performed 
from December, 1974 to August, 1975 at six transects show 
that slight to moderate accretion of sediment occurred at all 
but one station. Although an overall seasonal cycle of 
erosion and accretion exists, erosional and accretional beach 
profiles are not unique to any one season. With the except-
ion of glacial till in the vicinity of Napatree Point, sed-
iment sampling indicated that the dominant sediment size was 
fine sand. There was little seasonal variation in sediment 
size. Negative values of skewness in most samples reflect 
the high energy of the nearshore environment. 
A comparison of a computer model describing the littoral 
drift system at Napatree with empirical data indicated that 
some beach changes at Napatree are adequately explained by 
the model. The model did not accurately predict the littoral 
drift system associated with waves approaching from the south-
southeast. A more complete understanding of the littoral 
drift system was obtained by considering: 1) the nature of 
the beach prcfiles in relation to existing wave regimes, 
2) the magnitude and duration of coastal storms, a...~d J) the 
influence of tidal currents. 
Wave refraction data indicate the strong influenc·e that 
the nearshore topography has upon the local nearshore proc-
ii 
esses. Refracted waves associated with a given wave-approach 
direction may result in littoral drift direction being both 
eastward and westward at the same time along various 
stretches of the shoreline. 
Geomorphological evidence and wave refraction analysis 
suggest a very slight net littoral sediment flux towards 
the east. Although the dune line on the south side of 
Napatree appears to have been slowly migrating southward. 
since 1963, the beach remains vulnerable to large storms 
because of its low elevation. 
iii 
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INTRODUCTION 
Napatree Beach, located in the extreme southwestern 
part of Rhode Island (Fig. 1), is a tombola that extends 
westward from Watch Hill Point. The beach is less than 
1 
3 km2 , narrow (about 185 m maximum), and has been clas-
sified as a critical erosion area by the Corps of Engineers~ 
It is one of the last undeveloped beaches in Rhode Island 
(NEMRIP #41, 1972). It is bordered on the west by Fisher's 
Island Sound, on the south by Block Island Sound, and on the 
north by Little Narragansett Bay. 
This study analyzed some of the processes of erosion 
and accretion occurring along Napatree Beach to determine 
relationships that exist between these mechanisms and the 
associated responses of the beach to these factors. The 
following points were considered: 1) the erosional influ-
ence of storms, and lack of sediment supply to the area; 
2) interference by man-made structures to natural shoreline 
processes; 3) probable sources of beach sediment; 4) the 
nature and magnitude of sediment movement; 5) areas of 
deposition and erosion; and 6) the long-term trends of the 
net erosion or accretion. 
Various investigative means were employed. Sediment 
size distribution was determined along the beach and in the 
nearshore zone. Beach profiles were run at selected tran-
sects to determine the magnitude of net gain or loss of 
sediment in the upper shoreface, beach face, and in the zone 
extending from the berm crest to the base of the dune. 
2 
Figure 1. Location map of Napatree Beach, Rhode 
Island. Inset map is of New England. 
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Longshore current velocities and directions were measured 
to infer direction of sediment movement. Wave refraction 
analysis was carried out to determine the following: 1) the 
amount of energy expended along Napatree Beach, 2) the mag-
nitude and direction of littoral drift along the beach, and 
J) the influence of offshore topography on wave energy. 
Results of the grain size, topographic, and wave refraction 
studies were analyzed in conjunction with the results of 
the beach profiling to determine the nature of the dynamics 
of the beach system. 
5 
GEOLOGY OF THE STUDY AREA 
The beaches on the south shore of Rhode Island consist 
of a thin layer of sand ranging from less than 2 cm to over. 
1 min thickness, overlying a coarse gravelly substrate of 
outwash deposits (Kaye, 1960). This substrate is sometimes 
exposed during winter storms and even after summer coastal 
storms. Beneath the outwash deposits in the Napatree area 
lies the Narragansett Pier Granite, of Post-Pennsylvanian 
age. 
The pronounced end moraine extending northeast from 
Watch Hill (Fig. 2) is a continuation of the Harbor Hill 
moraine (named by Veatch, 1903) of the northern shore of 
Long Island (Upham, 1879). According to Martin (1925), bot-
anical evidence indicated that there was a land connection 
during post-glacial time between Long Island, Fisher's 
Island, and the mainland of Rhode Island; and that the land 
stood more than 6-8 m higher than at present. The end mor-
aine was eroded and material was carried eastward and 
westward by waves and tidal currents to form Napatree Beach 
and Sandy Point (Martin, 1925, and U.S. Congress, 1950). 
It is probable that the glacial deposits that form 
Napatree Point (sands, gravel, and boulders) represented 
an importa~t sediment source in the formation of Sandy Point 
Beach and Napatree Beach (Fig. J). By considering the 
glacial deposits at both Napatree Point and Watch Hill 






















































































































































































































































































































































































































































































































































































of Napatree Beach and _Sandy Point Beach, one may view their 
formation as a modification of Nichols's (1948) concept of 
winged flying bars. Using this approach, Napatree Beach 
might have formed from the union of two spits; one emanating 
eastward from Napatree Point and one extending westward 
from Watch Hill Point. Sandy Point Beach probably formed 
as a single spit that extended northward from Napatree 
Point. 
11 
WAVES AND CURRENTS 
Waves 
Block Island lies 25 km to the southeast and partially 
shelters Napatree from direct southeast swell. The south 
side of Napatree Beach is exposed to unrestricted fetch 
from the east-southeast and from the south-southeast to the 
soutn-southwest. A 40 km fetch exists in the southwest dir-
ection. Raytheon (1975), working 18 km east of Napatree in 
Block Island Sound, reported average wave periods of 6 to 
10 sec, but gave no information concerning wave direction. 
There is a slight dominance of 0.J-1.8 m high swells and a 
more pronounced possibility of swells from the east greater 
than 1.8 min Block Island Sound (U.S. Congress, 1950). 
The Raytheon report (1975) also noted that the significant 
wave height for the above indicated ·area was less than 0.5 m 
77% of the time from April to September, 1974 and lower 
than 1 m 96.2% of the time. 
Non-tidal Currents 
At the eastern end of Long Island Sound, surface water 
flows out into Block Island Sound while more dense and 
saline bottom waters flow into Long Island Sound (New Eng-
land River Basins Commission, 1975). This southeasterly 
flow of surface water out of Long Island Sound between Mon-
tauk Point, N.Y. and Block Island joins surface water 
moving westward into Block Island Sound between Point 
Judith, R.I. and Block Island (Riley, 1952). Salinity 
12 
distribution indicates a general westward flowing residual 
current along the bottom in Block Island Sound and in the 
eastern portion of Long Island Sound for most of the year 
(Bumpus, 1965), Drifter studies indicate a generally 
southward surface transport at the western end of Block 
Island Sound (Hollman and Sandberg, 1972). 
Tidal Currents 
Tidal current velocities in the Napatree area are given 
in Figs. J6-4o in Appendix A, These are spring-tidal 
currents and hence are maximum velocities. Measurements 
of the current to a maximum depth of 6 m were used in com-
piling the data. 
The tidal currents are governed by the semi-diurnal 
tides of Block Island Sound which set up a-general east-
west oscillation of water along the shoreline. The mean 
tide range is 0.8 m while the spring tide range is nearly 
1.0 m. Just east of Watch Hill Point, the prevailing current 
direction is westward with the maximum velocity of 72 cm/sec 
occurring three hours after flood tide begins at The Race 
(Fig. 4). Westward flowing currents for this location are 
stronger than the eastward flowing currents. The prevail-
ing direction for currents recorded southwest of Napatree 
Point is eastward. Here, the strongest currents, up to 
128 cm/sec occurring two hours after ebb tide begins at 
The Race, flow eastward. For the area just west of the 































































































































































































































direction. A maximum velocity of 62 cm/sec was recorded at 
three different tidal stages: begiPJ1ing of flood tide, 
five hours after flood tide begins, and six hours after 
ebb tide begins. 
16 
PROCEDURES 
Sampling procedures were designed to gather informa-
tion about the sediments and hydrodynamics of Napatree 
Beach. Procedures used to gather raw data were: 1) col-
lection of lower and upper shoreface, mid-beach face, berm 
top, and dune crest sediment samples; 2) mapping of beach 
topography; and J) measurement of longshore currents and 
wave characteristics (height, period, type, wavelength, 
angle of approach to shoreline). 
Field Methods 
The collection of beach process data was based on a 
modified version of The U.S. Army Engineering Research 
Center's littoral study program (Berg, 1969, and Szuwalski, 
1970). Values for wind velocity were obtained from weather 
records for Green Airport, Warwick, Rhode Island (U.S. Dept. 
of Commerce, 1975). These values were then adjusted for 
frictional effects of land (U.S. Army Coastal Engr. Res. 
Center, Tech. Rept. No. 4, 1966, p. 5). The ratio of wind 
speed measured at Green Airport to overwater wind speed was 
computed to be 0.7, There was a good correlation between 
measured wind direction in the field and the weather 
bureau's data recorded at Warwick. 
Beach topography was mapped approximately bi-weekly from 
December 8, 1974 to August 4, 1975 at six transects (Fig. J) 
using an Emery profiling device (Emery, 1961). Profiles 
were run at low tide from the base of the dune across the 
17 
berm top and beach face to the water's edge (except at sta-
tion 5), along a transect perpendicular to the shoreline 
trend. Profiles of station 5 were taken from the base of 
the dune to the landward edge of the glacial-cobble deposit 
which is exposed just below the mean high-tide level. Each 
of the profile lines was connected by a transit survey to 
a relocatable datum and bench mark. The vertical accuracy 
of the profiling was 3 cm and horizontal accuracy was 5 cm. 
Readings were taken every 1.52 m. 
Onshore beach samples were collected at each transect 
during beach profiling. Dune crest, berm top, and mid-beach 
face samples were collected at each transect. At each sam-
ple location, a total of four closely spaced small samples 
were collected with a trowel and combined into one large 
sample to represent that location. Only the uppermost sed-
imentation unit was collected, generally the top 1-2 cm. 
Grab s~~ples of upper and lower shoreface sediments 
were collected with a Petersen dredge at transects 1-4. 
They were taken at approximately 1.5 m depth intervals to a 
depth of about 5 m. Some of the samples at station 4 were 
collected by hand in plastic containers because the rocky 
bottom prevented normal operation of the Petersen dredge. 
Location and depth of offshore sampling stations were 
fixed by a range finder and digital fathometer. Accuracy 
in location of sampling stations within 150 m of the dune 
line is about 2 m. For those stations greater than 150 m 





Profiles we~e taken. after major storms to evaluate 
areas of deposition a..~d amount of sediment gained or lost 
from the beach during the storm and post-storm recovery 
period. 
The beach face slope at the mid-beach face point was 
measured using a Brunton compass. 
Littoral current speed was determined by a float 
method. Velocity was recorded to 1 the nearest 5 cm/sec. 
This method measured only the surface currents. 
The significant breaker height was measured by obser-
vation of the wave as it passed a istructure of known height;_ 
either pilings or rocks on a jetty. Approximately 25 read-
ings were taken to obtain a representative average of the 
wave conditions. • 
The significant wave period was calculated as the mean 
time it took for 11 successive wave, crests to pass a fixed 
point (Berg, 1968). The mean value of the total wave-period 
' observations was recorded to the nearest 0.1 sec. Waves 
were observed as far seaward as possible off Watch Hill 
Point in order to minimize effects of refraction. 
Laboratory Methods 
Statistical parameters of grain-size distribution were 
calculated by the method of moments (Krumbein and Petti-
john, 1938) with a computer program supplied by the URI 
Geology Department. 
Each sediment sample was sieved 1at quarter-phi intervals 
. 19 
for 15 minutes. 
Wave Refraction Analysis 
Wave refraction analysis was done using a computer 
program (May, 1974). This program tracks a wave ray from 
a deep-water starting point along its refracted track to 
the shoreline. The routines for tracking wave rays were 




Graphs ofbeach profiles (Figs, 5A-10B) indicated a 
cycle of erosion and accretion. The cycle consists of an 
overall seasonal summer-winter cycle as indicated by Bascom 
(1954) and Komar (1974), as well as short-term storm cycle 
fluctuations. Storms occurring during summer months give 
the beach a winter or storm profile which is characterized 
by almost no berm, and a loss of sediment from the beach 
face to the upper shoreface. Such a profile is represented 
by the July 14, 1975 survey at station 4. In contrast, the 
summer profile g·enerally consists of a wide, nearly flat 
berm; the result of the addition of sediment to the beach 
face and berm top by gentle waves of low steepness. 
Since beach profiling started on December 8, 1974, the 
initial profiles reflect the tremendous erosion associated 
with the storm of December 1, 1974, which was the most 
severe storm during the entire study period. The December 
8, 1974 survey date revealed an erosional dune scarp at 
station 1 ·and fairly smooth low profiles with no cusps at 
all stations. After the December 8 survey date, all sta-
tions except 1 and 4 continued to lose beach face sediment. 
Cusps began to develop at stations 1-4. This trend of 
erosion was generally reversed over the next two months 
as nearly all stations accreted in both the beach face 
and lower berm top. All stations except number 1 underwent 
21 
Figure 5A. Beach profiles of station 1 from December 
8, 1974 to March 31, 1975. Note concave nature of the 
December 8 erosional profile which was a direct result of 
the severe northeast storm of December 1, 1'974. Significant 
accretion of sediment between February 27 and March 15 
resulted in an accretionary profile with a fairly well-
developed berm. Erosion of the beach face and lower 
berm top occurred between March 15 and March 31. During 
this period, the upper berm top accreted. 
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Figure .5B. Beach profiles of station 1 from March 31, 
1975 to August 4, 1975. Note moderate erosion of berm top 
from March 31 to April 4. This was due to the storm of 
April 3-4. Significant accretion of sediment occurred dur-
ing the month of April. Note concave erosional nature of 
July 14 profile. August 4 profile revealed the develop-
ment of two berm crests. 
















Figure 6A. Beach profiles of station 2 from December 
8, 1974 to March 31, 1975. Note moderate erosion of berm 
top and beach face between December 8 and December 20. 









Figure 6B. Beach profiles of station 2 from March 31, 
1975 to August 4, 1975, Note erosion of berm top and accre-
1 
tion of beach face during storm of April 3-4. Significant 
I 
accretion of beach face and lower berm top occurred during 
I 
May. Storm of July 13 eroded beach face and deposited sed-
\ 
iment on the berm top. 
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Figure 7A, Beach profiles of station 3 from December 
8, 1974 to March 31, 1975. Note well-developed berm crest 
and characteristic accretional profile of December 8 pro-
file. This station was the only station which exhibited 
an accretionary profile during the December 8 survey. Sig-
nificant erosion occurred between December 8 and December 
20 despite the lackof any significant storms. 
Vertical exaggeration is 5:1. 
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Figure ?B. Beach profiles of station 3 from March 31, 
1975 to August 4, 1975. Note well-developed berm crest of 
April 18 profile. Position of the berm crest changed little 
from April 18 to August 4. No significant erosion or accre-
tion of sediment occurred from April 18 to August 4. 
Vertical exaggeration is 5:1. 

33 
Figure 8A. Beach profiles of station 4 from December 
8, 1974 to March 31, 1975, Note moderate accretion between 
December 8 and ~ecember 20 and significant accretion from 
December 20 and January 14. This station accreted the 
most during this time period. The storm of February 25-27 
resulted in moderate erosion of the beach face and berm 
top. Note significant accretion of berm top from March 15 
tcr· -March 31. 
Vertical exaggeration is 5:1. 

35 
Figure SB. Beach profiles of station 4 from March 31, 
1975 to August 4, 1975. The storm of April 3-4 eroded the 
berm top an~ deposited sediment on the lower beach face 
and upper berm top. Note significant erosion of upper 
beach face and lower berm top between June 25 and July 14. 
As of August 4, the profile had not accreted to the level 
of the June. 25 profile. 
Vertical exaggeration is 5:1. 

37 
Figure 9A. Beach profiles of station 5 from December 
8, 1974 to March 31, 1975. During the period December 8, 
1974-August 4, 1975, this profile was surveyed from the 
base of the dune seaward to the point where the glacial 
cobbles deposits were exposed (indicated by arrow on pro-
file of December 8, 1974). The remaining portion of the 
profile from the cobbles to mean low water was surveyed on 
March 11, 1976. This portion of the profile consists al-
most entirely of glacial till with no appreciable sand 
deposits. During the period December 8, 1974-August 4, 
1975, no significant deposits of sand were observed to have 
existed on the beach face. 
Although station 5 lies on the protected northern 
side of Napatree, note that moderate erosion occurred 
during the period of February 27-March 15. Moderate accre-
tion from the exposed cobbles to the base of the dune 
occurred during the period January 14-January 27. 
Vertical exaggeration is 5:1. 
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Figure 9B. Beach profiles of station 5 from March 31, 
1975 to August 4, 1975. See figure caption to Fig. 9A for 
explanation of profile surveyed from cobbles to mean low 
water. Note the small amount of erosion and accretion of 
this station from March 31 to August 4. The storm of 
April 3-4 which resulted in moderate erosion at stations 
1 thru 4 resulted in a small amount of accretion on the 
. upper beach face and berm top. 
Vertical exaggeration is 5:1. 
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Figure 10A. Beach profiles of station 6 from December 
8, 1974 to April 18, 1975, Note general trend of erosion 
throughout this period. This station is located on the 
northern tip of the eastern end of the recurved spit. Thus, 
this station is protected from high energy storm waves 
approaching from the southeast. Waves approaching from the 
west are local in origin and of low energy due to the lim-
ited fetch and.shallow depths of Fisher's Island Sound. 
However, moderate erosion occurred on the beach face and 
berm top during the storms of February 25-27 and April J-4. 
The high-water mark associated with these storms extended 
to the base of the dune. 
Vertical exaggeration is 5:1. 
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Figure lOB. Beach profiles of station 6 from April 18, 
1975 to August 4, 1975. Note trend of erosion from May 8 
to August 4. During ~his same period, stations 1-5 under-
went moderate to significant accretion. 
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slight erosion between February 22, 1975 and February 27, 
1975. This was due to several days of 37-55 km/hr WSW 
winds coupled with spring tides. Slight post-storm accre-
tion in early March was followed by minor erosion and then 
considerable erosion (up to 3.0 m3 of sediment for a 1 m 
wide section of beach, except at stations 5 and.6) as a 
result of 37-55 km/hr WSW winds and above normal tides 
associated with a storm on April 3-4, 1975, Nearly all 
stations experienced steady accretion throughout the re-
mainder of the spring and into summer. However, storm 
profiles associated with the July 14, 1975 survey revealed 
the impact of the passage of Tropical Storm Amy far off-
shore on July 1, 1975, and 18-37 km/hr south winds and 
above normal tides associated with a minor storm on July 
13, 1975. Station 4 lost 2,7 m3 of sediment over a 1 m wide 
section of beach between June 25, 1975 and July 14, 1975, 
All other stations experienced minor erosion of less than 
1.0 m3 Considerable accretion of sediment, up to 6.3 m
3 
in the beach face at stations 1 and 2, occurred between 
July 13, 1975 and August 4, 1975. Surprisingly, all other 
stations showed little or no accretion for this same time 
period. This last survey date indicated well-developed 
accretional profiles of wide nearly horizontal berms at 
stations 1-4 while stations 5 and 6 showed no significant 
development. 
Figure 11 illustrates the migration of the berm crest 
at stations 1-4 throughout the study period. The position 
46 
Figure 11. Berm crest location vs. time. Note that 
the general position of the well-developed berm crest at 
station 3 (Figs. 7A-7B) migrated towards the dune edge 
even though significant accretion occurred at this station 
during the study period. Dashed line indicates formation 
of an additional berm, generally either a spring or neap 
berm. See text for discussion. 
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of the berm crest was usually a little above the mean high 
water mark. Stations 1 and 2 exhibited a general trend of 
seaward migration of the berm crest from December, 1974 to 
August, 1975, Fluctuations to this general pattern can be 
related to storms and.spring and neap tides. The location 
of the berm crest fluctuated up to 6 mover some two week 
periods at stations 3 and 4. However, tne difference in 
the berm crest location for the August 4, 1975 and December 
8, 1974 surveys at these two stations was less than 2 m. 
As indicated by the May 30, 1975 survey, neap and spring 
berm crests began to form at station 2, In late July, 1975, 
station 1 also developed neap and spring berm crests. 
Figures 12 and 13 represent the upper and lower limits 
·of change experienced by the six profiles over the study 
period. The erosional or winter profile, characterized by 
a steep concave-up landward sector and lack of a well-de-
veloped berm is well illustrated by the December 8, 1974 
profile of station 1. Accretionary profiles, characterized 
by a definite berm crest and a wide, nearly flat berm top, 
are depicted in the August profiles at all stations ~x-
cept station 6. 
Table 1 lists the volume of sediment accreted at each 
station during the period of December 8, 1974 to Augus~ 
4, 1975, Values of net sediment change during the period 
December 10, 1974 to August 7, 1975 are listed for other 
beaches surveyed along the southern Rhode Island coast 
(Mc Master, 1975)(Fig. 14). Calculations of net sediment 
Figure 12. Profiles of maximum erosion and maximum 
accretion at stations 1-3 during the period December 8, 
1974-August 4, 1975. Stations 1, 2, and 3 accreted 19.8 m1 
7.9 m3 , and 8.3 m3 respectively per 1 m wide section of 
beach during this period. Note minor accretion of beach 
face of station 2. 
Vertical exaggeration is 5:1. 
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Figure 13. Profiles of maximum erosion and maximum 
accretion at stations 4-6 during the period December 8, 
1974-August 4, 1975. Stations 4 and 5 accreted 5.9 m3 , and 
2.0 m3 respectively per 1 m wide section of beach during 
this period. Note erosion of beach face and significant 
accretion of berm top at station 4. Station 6 eroded 
4.3 m3 of sediment per 1 m wide section of beach. 
Vertical exaggeration is 5:1. 

53 














Sediment Accreted (m3 ) 











Figure 14. Location map of beach profiling stations along 
the southern coast of Rhode Island. Beaches surveyed by Mc Master (1975) 
are: Weekapaug, East, Green Hill, and Moonstone. Inset shows location 
of various profiles along Napatree Beach surveyed by author from 


























change for these four beaches were computed from profiles 
that were surveyed by standard transit and stadia method. 
Station 1 at Napatree experienced the greatest volume of 
sediment accretion (19,8 m3 for a 1 m wide section of 
beach) while Green Hill underwent the greatest loss of sed-
iment (5.3 m3 ). Station 6 was the only station at Nap-
atree that underwent net erosion during the study period. 
The average accretion value- 0 for a 1 m wide section of 
beach for the four stations on the south side of Napatree 
Beach was 10.5 m3 for the study period. Although Napatree 
accreted significantly, Weekapaug Beach, just 10 km to 
the east, eroded 0.4 m3 of sediment for a 1 m wide section 
of beach. 
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Beach Process Measurements 
Figure 15 illustrates some of the results of the 
measurement of beach process variables. Since these 
measurements represent only 15 days out of the 8 month 
study period, no conclusive remarks can be made with any 
degree of statistical validity regarding average values or 
trends of the measured variables. However, comparison of 
my data with beach process measurements taken for 30 days 
in late May and June, 1970 at Napatree by Sakalowsky 
(1972) may provide an indication of trends of beach process 
variables for the early summer months. Variables recorded 
by Sakalowsky included: 1) mean wave-height of 50 cm, 
2) mean wave period of 6.2 sec, 3) prevailing wave direc-
o 
.tion of 201 , 4) mean wind velocity of 19 km/hr, and 
5) prevailing wind direction of 195° . A more accurate 
indication of the percentage of wind direction by speed 
along the Rhode Island coast is given in Table 2 (Appendix B). 
It should be noted that values in Table 2 are averages 
based on data for the period 1856-1971. However, the 
primary period of record (1911-1971), is that period during 
which 80% of the total number of observations were recorded. 
In general, the lowest values of longshore-current 
velocity were recorded when the wind was directly offshore 
and during periods of low-wave activity. The highest cur-
rent velocities were usually measured during periods of 
strong souiheast or southwest winds. 
Figure 15. Beach process measurements, 8 Dec 74 - Aug 
75, taken at low tide at station 2, Mean values of proc-
esses measured by Sakalowsky (1972) during late May and 
June, 1970 are denoted by open circle (o). 
A wave-approach angle of 180° is perpendicular to the 
shoreline trend. Note that most of the measured waves 
approached the shoreline at a relatively low angle. 
Since the highest one-third of all waves were measured 
over a given time period, values for breaker height and 
wave period are of significan~ breaker height, and signif-
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Spilling breakers were recorded regularly at stations 
1, 4, 5, and 6, while plunging breakers were common at 
stations 2 and 3. The spilling breaker is generally con-
sidered to be indicative of a gentle upper shoreface 
slope and the plunging breaker may result from a steeper 
upper shoreface slope. 
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Sediments 
Complete size-analysis data for all samples analyzed 
is presented in Appendix D. An explanation of the various 
moment measures (mean grain size, standard deviation, and 
skewness) is presented in Appendix E. 
The shoreface sediment samples had a total size range 
of 8.00 mm (-3.00 phi (,0)-pebbles, Folk, 1968·) to 0.05 m.m 
(4.25 ,0-coarse silt). Of the 26 shoreface samples, only 
three contained sediment of size 0.05 mm (4.25 ,0') in amount 
greater than 2% by weight. The moment measure mean size 
(Krumbein and Pettijohn, 1938) ranged from 1.90 mm (-0.93 ,0'-
very .coarse sand) at the upper shoreface of station 4 to 
0.13 mm (2,96 ,0-fine sand) at.the upper shoreface of 
station 1. Standard deviation (sorting), calculated by 
moment measure, ranged from 0.46 ,0 (well sorted) at the 
upper shoreface of station 3 to 1.47 ¢ (poorly sorted) at 
the upper shoreface of station 4. Values of skewness 
ranged from -4,58 (very negatively skewed) at the upper 
shoreface of station 4 to 0.88 (positively skewed) at the 
upper shoreface of station 4. Degrees of skewness follow 
Folk and Ward's classification scheme (1957). The wide 
range in values of skewness of lower shoreface samples at 
station 4 may be due to the existence of poorly sorted gla-
cial till, cobbles, and sand. In general, negative skew-
ness indicates a winnowing out or lack of fine grained sed-
iments, and is characterized by a grain-size distribution 
62 
having a tail in the coarse sizes. Positive skewness de-
notes a grain-size distribution having a tail in the finer 
sizes, In general, sorting improved seaward, except at 
station 4; which showed no discernible pattern. Mean grain 
size increased sharply seaward at station 4 for all three 
sampling dates (Figs. 16-18). Generally, a trend of slight-
ly increasing grain size seaward was found at stations 1-J. 
A notable exception to this trend existed at station 1 for 
March 16, 1975 (Fig, 16); in which mean grain size increased 
shoreward and not seaward, 
Beach face, berm top and dune crest samples had a total 
size range of 8.oo· mm (-3.00 ¢) to 0.05 mm (4.25 ¢). The 
moment measure mean size ranged from 1,22 mm (-0.29 ¢-very 
coarse sand) at the mid-beach face point at station 3 to 
0.16 mm (2.64 ¢-fine sand) at the mid-beach face point at 
station 2. Generally, the coarsest mid-beach face samples 
at all stations were collected in January, 1975 and the 
finest samples were collected on August 4, 1975, Standard 
deviation ranged from o .. 34 ¢ ( very well sorted) at the mid-
beach face point at station 4 to 1.35 ¢ (poorly sorted) at 
the mid-beach face point at station 3, This poorly sorted 
sample collected at station 3 on February 22, 1975 was a 
lag deposit which was exposed during the winter months, A 
trend of decreasing values of standard deviation from sta-
tion 1 westward to station 4 for nearly all sample dates 
was noted, Values of skewness from -2,07 (very negatively 
slcewed) ·at the mid-beach face point at station 3 to O, 58 
Figure 16. Mean grain si~es (in millimeters) of shore-
face and mid-beach face sediments. Shoreface samples were col-
lected on March 16, 1975 and mid-beach samples were collected 
on March 15, 1975. Mean grain sizes of mid-beach face sam-
ples varied little from station 1 to station 4. Note trend 
of decreasing grain size seaward of station 1. 
Depth contours (in meters) at mean low water are denoted 
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Figure 17. Mean grain sizes (in millimeters) of shore-
face and mid-beach face sediments. Shoreface samples were col-
lected on April 29, 1975 android-beach face samples were collec-
ted on April 18, 1975. The sample at station 4 having a mean 
size of 1.48 mm is a poorly sorted glacial till deposit. Note 
zone of decreasing grain size between the mid-beach face and 
immediately seaward of the 1 m depth contour. 
Depth contours (in meters) at mean low water are denoted 
by dashed lines. 
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Figure 18. Mean grain sizes (in millimeters) of shore-
face and mid-beach face sediments. Shoreface samples were 
collected on July 19, 1975 and mid-beach face samples were 
collected on July 14, 1975. Samples at station 4 having 
mean sizes of 1.22 mm and 1,90 mm are glacial till deposits. 
The mean grain sizes of mid-beach face samples at stations 
1-4 were fairly uniform. Note zone of mean grain size of 
0.13 mm (fine sand) centered along the 3 m depth contour. 
In general, mean grain size increased both seaward and shore-
ward of this zone at stations 1-3, 
Depth contours (in meters) at mean low water are denoted 
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(positively skewed) at the mid-beach face point at station 6 
were found. Only the mid-beach face sample taken January 
27, 1975 at station 6 could be classified under Folk and 
Ward's (1957) classification as positively skewed. Dune 
crest and berm top samples were nearly symmetrically skewed, 
while the remainder of mid-beach face samples ranged from 
nearly symmetrically skewed to very negatively skewed. 
Beach Face Slope 
Values for beach face slope, taken at the mid-beach 
face point ranged from J to 8 degrees. Generally, slope 
angles were in the 4 to 6 degree range. Table J (Appendix C) 
lists values of mid-beach face slope and mean grain size 
at, the mid-beach face point. It is apparent that an 
eroding beach face does not always flatten nor does an ac-
creting beach face necessarily steepen. Bascom (1951) 
I 
found that protected beaches along the West Coast of the 
United States are steeper for any given sand size than are 
exposed beaches. Figure 19 shows that this trend does not 
occur at Napatree. In general, mid-beach face slope values 
at the exposed and protected stations at Napatree did not 
differ significantly. 
Figure 19. Scatter plot of mid-beach face slope vs. 
mid-beach face mean grain size. Despite significant accretion 
of sediment on the beach face during the study period, beach 
face slope at stations 1-4 generally varied no more than 
a degrees. Note that the coarsest sediment was generally 
foun4 at the protected beach faces of stations 5 and 6. 
Values of beach face slope for these more protected sta-
tions do not differ significantly from the values of beach 
face slope recorded along the south side of Napatree (sta-
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Wave Refraction Analysis 
The computer program (May, 1974) used in my study calculates 
the distribution of wave energy dissipation due to bottom 
friction, shoaling, and refraction. The following param-
eters are recomputed at short intervals along the wave ray: 
1) wave height, 2) wavelength, 3) angle of wave propagation, 
4) coefficient of refraction, 5) the angle between the 
wave ray and the normal to the isobath, and 6) the maximum 
horizontal wave orbital velocity at the bottom (Airy, 1845). 
When the ratio of wave height to water depth exceeds 0.78, 
it is assumed that the wave breaks. The wave height at 
this breaker point is a function of the wave power that 
remains after dissipation by refraction, shoaling and 
friction (May and Tanner, 1973). Using equations developed 
by Komar (1971) and Watts (1953), the longshore component 
of wave power, the mean longshore current velocity (Komar, 
1971) and total breaker power are computed. 
Recently, May and Tanner (1973) have used this compu -
ter model with success to accurately model nearshore ero-
sional and depositional changes in northwest Florida. 
Bryant (1974) compared the wave refraction patterns sim-
ulated by the Wilson program (Wilson, 1966) with patterns 
constructed from aerial photographs, for nearshore areas 
of differing wave climates and bathymetric conditions. 
Among his findings were: 1) although the Wilson program 
tends to over-concentrate wave rays somewhat, the overall 
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ray pattern simulated by the Wilson program agreed with 
the pattern on the aerial photographs for rays outside of 
the breaker zone. These r·ays were for short period, broken-
crested waves and long period unbroken swell patterns; 
2) the program can withstand errors in wave period and in 
·depth values of 1.0 sec and 0.25 m respectively, without 
adversely affecting the interpretation of the rays; 3) the 
Wilson program does not take into account wave refraction 
in the surf zone, nor does it properly simulate refraction 
over small shallow areas with complex bar and channel topog-
raphy. 
Wood (1970) noted that the program is ineffective in 
shoaling and breaker zones. These shortcomings in the pro-
gram result from the us-e of linear wave theory in the pro-
gram, a theory for progressive periodic waves which assumes 
a constant depth, small wave steepness and a wave period 
that is a constant, exclusive function of wave velocity and 
length. Since the program considers wave reflection and 
diffraction to be ·minimal, computer simulation of wave rays 
in areas of complex bathymetry or offshore breakwaters may 
not adequately represent actual wave refraction patterns. 
Among the significant assumptions used in the computer 
program are: 1) bottom friction is negligible at depths 
greater than one-half wavelength, and 2) there is no signif-
icant energy loss due to: friction at the free surface, 
currents, internal friction or percolation into the bottom. 
May (1974) noted that the main weakness in the program 
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is its inability to analyze sediment transport which occurs 
perpendicular to the shoreline trend. Such transport in-
cludes sediment movement by streams, inlet currents, wind, 
and by wave and current action beyond the breaker zone. 
A coefficient of bottom friction of cf= 0.03 was 
used in the program. The coefficient·of bottom friction 
refers to: 1) the surface resistance or drag generated by 
the individual sediment particles, and 2) the form drag due 
to bottom features such as ripples, megaripples, and sand 
waves. In areas where the composition and relief of the 
bottom causes significant resistance to fluid flow, the 
waves may lose a considerable amount of their energy due to 
dissipation by bottom friction. A portion of this energy 
results in sediment transport. However, probably most of 
it is used in the generation of turbulence and heat. This 
means that there will be a reduction in both wave height 
and the amount of energy available to cause sediment trans-
port at the shoreline. The value of cf= 0.03 was deter-
mined empirically and is believed to be a valid approxima-
tion for ripple-marked bottoms consisting of medium to fine 
sand, intermediate water depths, and a wave period of 
5 sec (May and Tanner, 1973). 
The required program input of deep-water (in a depth 
greater than one-half the wavelength) wave parameters 
(height, period, angle of approach) was obtained from field 
observations and consideration of: 1) results of the Ray-
theon (1975) study of wind and wave conditions in Block 
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Island·Sound at East Beach, Charlestown, Rhode Island, and 
2) wind data recorded at Quonset Point, Rhode Island for 
the period 1910-1971 (Table 2-Appendix B). 
The nearshore bathymetric grid for the study area was 
produced by superimposing a 1 cm square grid pattern on a 
1:10,000 bathymetric chart of the ~tudy area (U.S. Dept. 
of Commerce, NOAA, 1968). This resuLts in the side of each 
grid ·square being equal to 100 m. Due to the abundance of 
depth values on the bathymetric chart, the depth values 
recorded at ·the intersection of grid lines required little 
interpolation. 
Values of the longshore component of wave power (P1 ), 
obtained from the computer program were plotted against dis-
tance along the shoreline (Figs. 20-22). As noted by May 
and Tanner (1973), the local fluctuation of P1 is because 
the bottom surface is being approximated by the depth grid 
matrix. As a ray· crosses from one depth grid to another, 
it readjusts to a new slope. When such readjustment occurs 
just prior to breaking, there is often insufficient time for 
readjustment of the ray. When this occurs, the value of 
beta, the angle between the wave ray and normal to the iso-
bath at the point of interest, changes drastically, In 
such cases, the value of P1 is abnormally large or small; 
and these values were rejected. 
Noise in the raw data was further reduced by a smooth-
ing technique (May and Tanner, 1973, p. 54). This consis-
ted of constructing_a curve by using the value of P1 occurring 
Figure 20. Plots of the shore-parallel component of 
wave power (P1 ) for 6 sec waves having a deep-water wave 
height of 0.5 m. Note the low magnitude of P1 associated 
with waves approaching from the sout~west (225°). Eastward 
longshore drift between stations 4 and 2 for waves approach-
ing from the southeast (135°) is questionable and may in-
dicate a breakdown in the computer program. 
All points on the graphs in Figures 20-25 project 
vertically onto the map of the shoreline. Although the 
values for P1 are both negative and positive, the sign des-
ignates only the direction of littoral drift. Negative 
values of P1 indicate westward drift and positive values de-
note eastward drift. The absolute values of P1 are used to 
evaluate zones of erosion and deposition. 
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Figure 21, Plots of the shore-parallel component of 
wave power (P1 ) for 6 sec waves having a deep-water wave 
height of 1.0 m. Note change in scale from Fig. 20 of the 
magnitude of P1 . Eastward longshore drift between station 
4 and Watch Hill Point associated with waves approaching 
from the south-southeast (160°) is questionable and probably 













Figure 22. Plots of the shore-parallel component of 
wave power (P1 ) for 6 sec waves having a deep-water wave 
height of 1.5 m. Note the low magnitude of P1 associated 
with waves approaching from the southwest (225°). Note 
change in scale from Fig. 21 of the magnitude of P1 . 
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at the mid-point between adjacent raw data values of P1 . 
These mid-point values of P1 were connected to give the P1 
curves shown in Figures 20-22, 
The longshore gradient of P1 (6P 1 ) was calculated by 
plotting the difference between adjacent pairs of mid-point 
values of P1 . For means of clarity and scale, graphs of 
6P 1 (Figs. 23-25) were constructed by plotting the dif-
ference between adjacent mid-point walues of P1 every two 
grid segments. 
Results from the computer program indicate the strong 
influence the nearshore topography (Fig. 26) has upon the 
refraction of waves. Rocks are exposed at mean low water 
at Watch Hill Reef and at Catumb Rocks, while depths of 
o.6 mare common on Sugar Reef. 
Computer runs with initial wave-approach directions of 
135°, 160°, 180°, 200°, and 225° were performed for 6 sec 
waves at mean low water having deep-water wave heights of 
0.5 m, 1,0 m, and 1,5 m. Based on measurements during the 
study period, and previous data (Sakalowsky, 1972 and Ray-
theon, 1975), a wave period of 6 sec was chosen as a repre--
sentative value for a typical wave period in this area. 
Although wave periods of 7-10 sec are common in Block Is-
land Sound (Raytheon, 1975), these waves were not analyzed 
due to availability of offshore maps and computer time. 
Complete refraction analysis of these longer period waves 
requires a much larger bathymetric grid. This is partic-
ularly true for Napatree Beach since shallow depths exist 
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Figure 23. Plots of the longshore gradient ( 6 P1) of 
the shore-parallel component of wave power for 6 sec waves 
having a deep-water wave height of 0.5 m. Waves approach-
ing from the southeast (135°) and south-southeast (160°) 
result in the greatest magnitudes of erosion. 
Plots of the longshore gradient (6 P1 ) of the shore-• 
parallel component of wave power (Figs. 23-25) indicate 
areas of deposition and erosion. When P1 is absolutely in-• 
creasing, erosion occurs and when P1 is absolutely decreas-
ing, deposition occurs. Thus, positive values of b. P1 
indicate areas of erosion while negative values denote areas .. 
of deposition. Where 6P 1 is zero, there still is transpor-
tation of sediment, but there is neither erosion nor dep-
osition. 
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Figure 24. Plots of the longshore gradient (6P 1 ) of 
the shore-parallel component of wave power for 6 sec waves 
having a deep-water wave height of 1.0 m. No~e change in 
scale of magnitude of 6P 1 from Fig. 23, Data for waves 
approaching from the south-southeast (160°) is questionable 
due to shortcomings in the computer program. Note low 
magnitudes of erosion and deposition associated with waves 
approaching from the southwest (225°). Erosion occurs at 
Watch Hill Point for nearly every wave-approach direction. 
Due to insufficient data for waves approaching from the 
southeast (135°), the plot of 6P 1 for this wave-approach 
direction was not extended to Watch Hill Point. 
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Figure 25. Plots of the longshore gradient (6P 1 ) of 
the shore-parallel component of wave power for 6 sec waves 
having a deep-water wave height of 1.5 m. Note change in 
scale of magnitude of 6P 1 from Fig. 24. The lowest values 
of 6P 1 are associated with waves approaching from the 
southwest (225°). Erosion occurs at Watch Hill Point for 
nearly every wave-approach direction. Due to insufficient 
data for waves approaching from the southeast (135°·), the 
plot of .6P 1 for this wave-approach direction was not ex-
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to the southwest. Wave heights of 0.5 m, 1.0 m, and 1,5 m 
were chosen as being representative wave heights in west-
ern Block Island Sound under normal conditions. This is 
based on measurements recorded during the study period and 
on data recorded by Sakalowsky (1972), Raytheon (1975), and 
U.S. Congress (1950). 
The resulting wave-ray (orthogonal) diagrams for waves 
having a deep-water wave height of 1,0 mare presented in 
Figs. 27-Jl. 0rthogonals are lines which are perpendicular 
to the wave crest. The wave-ray method of preparing wave 
refraction diagrams is based on the premise that Snell's 
Law (Wiegel, 1964, p. 154) is applicable: 
sin o( 2 
sin 
where o< 1 and « 2 are angles between adjacent wave-ray 
positions and the respective adjacent bottom contours, and 
c1 and c2 denote wave celerities (function of wave period 
and depth) for these indicated positions. 
Areas in Figures 27-31 where wave rays cross are called 
caustics. Intuitively, it would appear that converging 
waves would break. However, wave tank experiments by Chao 
and Pierson (1972) indicated that periodic gravity waves 
(having a period which is a constant unique function of 
phase velocity and length) at a caustic do not necessarily 
break. Chao (1971) noted the following important character-
istics of waves near caustics: 1) the major part of the 
Figure 27 .. Wave-ray diagram for 6 sec waves having a 
deep-water wave height of 1.0 m. Initial wave-approach dir-
ection is 135°, Note the abundance of waves breaking on 
Watch Hill Reef. Waves refracted sharply westward at Watch 
Hill Reef and Sugar Reef may indicate shortcomings in the 
computer program. Waves passing over Catumb Rocks are refrac-· 
ted northward resulting in a convergence of waves immediately 
west of Napatree Point. Refraction of waves around Watch 
Hill Point results in westward longshore drift between 
Watch Hill Point and station 1. Crossing wave-rays seaward 
of the breaker zone are believed to continue along their 
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Figure 28. Wave-ray diagram for 6 sec waves having a 
deep-water wave height of 1.0 m. Initial wave-approach 
direction is 160°. Note waves breaking on Watch Hill Reef. 
Waves are refracted to the north and northwest at Sugar 
Reef and Catumb Rocks. Convergence of ·waves at Napatree 
Point and Watch Hill Point is well illustrated. An explan-
ation of the significance of crossing wave-rays near station 
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Figure 29. Wave-ray diagram for 6 sec waves having a 
deep-water wave height of 1.0 m. Initial wave-approach dir-• 
ection is 180°. Note that waves passing over Catumb Rocks, 
Sugar Reef, and Watch Hill Reef are refracted to the north-
northwest and to the north-northeast. 
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Figure JO. Wave-ray diagram for 6 sec waves having a 
deep-water wave height of 1,0 m. Initial wave-approach dir-
ection is 200°. Note waves breaking on Watch Hill Reef and 
convergence of waves at Watch Hill Point. Waves refracted 
sharply eastward by Sugar Reef probably indicates a short-· 


































Fi~re 31. Wave-ray diagram for 6 sec waves having a 
deep-water wave height of 1.0 m. Initial wave-approach dir-
ection is 225°. Note waves breaking on Watch Hill Reef. 
Waves passing over Sugar Reef and Watch Hill Reef are re-
fracted to the north and north-northwest. Waves passing to 
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wave energy passes through the caustic; 2) the wave-ray 
undergoes a change in phase velocity upon passing through 
caustic regions; 3) if the steepness of waves passing through 
the caustic is small enough, these waves will pass through 
the region without showing white caps at any time; 4) when 
gravity waves approach a caustic, the wave amplitude in-
c,reases gradually and reaches a maximum immediately before 
·reaching the caustic, but not on the caustic; and. 5) on 
the landward side of the caustic, the wave amplitude de-
creases exponentially. Although this latter phenomenon 
may appear to introduce a significant error into the wave 
refraction program, theoretical and wave tank studies by 
Chao and Pierson (1972) indicated that changes in wave 
height seaward of the breaker zone may be minimal and of no 
more importance than errors associated with depth values or 
linear wave theory approximations discussed previously. 
Chao (1972) studied wave refraction over the continental 
shelf near Chesapeake Bay and concluded the following: 
1) after passing through a caustic region, the wave-rays 
eventually follow the continued ray path; 2) wave conditions 
landward of the caustic are determined as if no caustic 
had occurred except that there has been a changein phase 
velocity; 3) this change in velocity is unobservable due 
to the randomness of waves in nature; and 4) detailed eval-
uation of wave characteristics near a caustic is not nec-
essary. Thus, although crossing wave-rays result in waves 
approaching Napatree from both the southeast and southwest 
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for a given wave-approach direction, it appears that this 
phenomenon does not significantly affect the proper interp-
retation of the littoral drift system. Although the wave-
ray diagrams indicate few zones of crossing wave-rays with-
in the breaker zone, it should be noted that the computer 
output of various wave parameters for such zones may not be 
an accurate representation of actual wave conditions. 
Figures 27-31 indicate that waves approaching Napatree 
from the southwest (225°) and southeast (135°) are refracted 
the greatest, particularly in the vicinity of. Catumb Rocks 
and Sugar Reef. Refraction of the 135° wave-rays near 
Sugar Reef result in waves approaching from the southwest 
at the shoreline between stations 1 and 2. Similarly, re-
fraction of the 225° wave-rays at Catumb Rocks and Sugar 
Reef result in waves approaching Napatree Point from the 
south-southeast. Although overall refraction of wave-rays 
is less for the 160°, 180°, and 200° waves, rays approach-
ing Sugar Reef from these directions may be sharply refrac-
ted eastward or westward (Figs. 28-30). 
A more complete picture of the littoral drift system 
at Napatree is obtained by graphing the longshore variation 
in the shore-parallel component of wave power (P1 ). Values 
of P1 were plotted for 6 sec waves having a deep-water 
wave height of 0.5 m, 1.0 m, and 1.5 m. The results for 
these waves are summarized in Figures 20-22. 
Figure 21 shows the effect that varying the initial 
wave-ray approach angle has upon the longshore wave power. 
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associated with 1.0 m waves. When waves approach from the 
southeast (135°), the drift direction is eastward (positive 
values of P1 ) along the shoreline except for two zones of 
west 1Pard drift (negative values of P
1
) occurring just west 
of station 4 and from a point east of station 1 to midway 
between stations 1 and 2. 
Waves approaching with an initial direction of 160° 
divide the shoreline into three sections of varying drift 
directions: 1) a small zone of westward drift at the west-
ern end of Napatree Point, 2) a large zone of eastward 
drift stretching from west of station 4 to Watch Hill 
Point, and 3) a zone of westward drift along the shoreline 
east of Watch Hill Point. The small zone of westward drift 
east of station 4 is not significant and probably repre-
sents noise in the computer program. The large zone of 
eastward drift is highly questionable and is believed to 
indicate a breakdown in the computer program. 
Three separate zones of drift are associated with waves 
approaching from the due south (180°). These zones are: 
1) an area of westward drift stretching from midway between 
station 3 and station 4 to Napatree Point, 2) an area of 
eastward drift from midway between station 3 and station 4 
to just west of station 2, and 3) a long interval of east-
ward drift from just west of station 2 to Watch Hill Point. 
Waves approaching with an initial azimuth direction of 
200° result in dominant eastward drift between approximate-
ly stations and 1 and 4. Zones of westward drift exist 
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from roughly Watch Hill Point to station 1 and from just 
east of station 4 to Napatree Point. 
Southwest waves (225°) do not drastically alter the 
position of drift zones from those associated with the 200° 
waves. The noteworthy characteristic of these waves is 




Nearshore Sedimentary Processes 
The probable sediment transporting agents in the near-
shore zone are waves, tidal currents and wind-driven sur-
face currents. Sakalowsky (1972), using multiple linear 
correlation and stepwise multiple linear regression to an-
alyze field measurements, found that wave height accounted 
for approximately 42% of the changes in the configuration 
of the intertidal zone along the south side of Napatree 
Beach. Bruun (1969) noted the importance of longshore tidal 
currents superimposed on wave-generated currents as an im-
portant sediment transporting mechanism in a low energy 
nearshore environment. Beale (1975), working in the near-
shore environment at Matunuck Point, Rhode Island, conclu-
ded that tidal currents s_uperimposed on wave-induced _cur-
rents are the primary agents by which sediment is transpor-
ted along that shoreline. However, the role of tidal cur-
rents in transporting sediment along the shoreline at 
Napatree is secondary to wave action. 
Wave action is the dominant influence on sediment 
transportation at Napatree because wave action initiates 
sediment movement and controls the magnitude of longshore 
currents. Once sediment is placed in motion, less velocity 
is needed to maintain motion of sediment grains than was 
required to initiate sediment movement (Allen, 1965). Thus, 
wave-induced surges initiate sediment movement and super-
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imposed longshore currents continue this movement along 
the shore. The return flow of water normal to the shore 
which is associated with wave backwash also suspends sed-
iment on the beach face. 
Once sediment is in suspension, how do longshore cur-
rents move the sediment along the shore? Komar and Inman 
(1970) concluded that suspended-load transport of sand in 
the surf zone is less important than bed-load transport. 
This conclusion suggests that the majority of sand moves 
by rolling, sliding and saltation along the bottom and is 
not supported by water during normal sea conditions (i.e., 
wave height less than 1.0-1.3 m) (Komar and Inman, 1970). 
During periods of weak longshore currents, sand movement is 
probably governed by the onshore-offshore water motion 
associated with breaking waves and backwash. 
Results from the plots of the longshore component of 
wave power (Figs. 20-22) indicate the existence of local 
zones of westward and eastward drift for each wave-approach 
angle. It is apparent that the magnitude of the shore-par-
allel component of wave power at the shoreline is generally 
greatest for waves approaching from the south-southeast 
(160°). There is also a zone of high-energy concentration 
between stations 4 and 2 that is associated with waves 
approaching from the south-southwest (200°). The very low 
magnitude of values of P1 associated with southwesterly 
waves (225°) is nicely illustrated in Figs. 20-22:·. Such 
waves dissipate much of their energy before reaching Napatree 
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because of two factors: 1) they must pass over relatively 
shallow depths to the east of Fisher's Island, and 2) they 
are greatly refracted by Catumb Rocks and Sugar Reef 
(Fig. 26). It is important to note that southwesterly 
waves are local in or.igin with a fetch of about 40 km. 
These facts suggest· that the erosion associated with these 
waves is small. Conversely, the erosion associated with 
waves approaching from the south-southeast (160°) is high 
because of four factors: 1) the waves reaching Napatree 
are not refracted as much by the nearshore and offshore 
topography, 2) southeast waves approaching Napatree pass 
over deeper water depths to the east of Watch Hill Point 
and hence lose less energy, 3) unlimited fetch to the south-
·southeast allows for the generation of higher wave heights, 
and 4) large low pressure systems passing off the Rhode 
Island coast in winter and summer were observed to generally 
result in storm waves approaching from the southeast. 
In an effort to assess the impact that tide level and 
the nearshore topography have upon the storm waves approach--
ing from the southeast, computer runs for 4 sec waves hav-
ing a deep-water wave height of 2 m and 3 m were performed 
at various tidal stages. Raising the tide level to 1,0 m 
above mean low water (MLW) has little effect on the 2 m 
waves. The same waves that break at Watch Hill Reef, Sugar 
Reef, and Catumb Rocks at MLW also break at a tide level of 
1,0 m above MLW. Although the computer run of 4 sec waves 
having a deep-water wave height of 3 mat a tide level of 
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1.6 m above MLW revealed similar results, these waves were 
refracted less due to the deeper water depths. Figure 32 
shows the great difference in magnitude of P1 between the 
2 m and 3 m waves. 
Figure 32 also depicts the various zones of erosion 
and accretion associated with storm waves approaching from 
the southeast. Th~ area subject to greatest erosion is 
Watch Hill Point, while Napatree Point lies in a zone of 
erosion of a lesser magnitude. Zones of accretion include: 
1) the stretch of beach from station 3 to midway between 
stations 1 and 2, and 2) the area immediately west of 
Napatree Point. The shoreline from Napatree Point eastward 
to near station 3 also lies within a zone of erosion. Plots 
of 6 sec waves approaching from the southeast (Figs. 23-25) 
indicate that these various zones of erosion and deposi-
tion occur along similar stretches of the shore'line. 
With the exception of the 0.5 m, 6 sec, 200° waves 
(Fig. 23), and the 1.0 m, 6 sec, 225° waves (Fig, 24), a 
zone of deposition exists immediately to the west of Nap-
atree Point. The ma-gni tude of deposition in this area is 
particularly high during the approach of 4 sec, 135° waves 
(Fig. 32) and 6 sec, 1.5 m, 135° waves (Fig. 25), Of 
importance is the role tidal currents have on the overall 
littoral drift system, a factor that is not considered by 
the computer program. Tidal currents appear to be signif-
icant sediment transporting agents along the upper shore-
face in the immediate vicinity of Napatree Point. 
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Figure 32. Plots of the shore-parallel component of 
wave power (P1 ) and its longshore gradient (6P 1 ) for 
4 sec waves having an initial wave-approach direction of 
135°. Note the differences in magnitude of P1 and6P 1 
between waves having a deep-water wave height of 2 m and 3 m. 
This illustrates that the magnitude of erosion is greatly 
increased when wave height increases from 2 m to 3 m; as 
might occur during passage of a severe storm along the 
Rhode Island coast. 
Sediment flowing westward from station 4 to an area 
west of Napatree Point is probably deposited in two major 
zones: 1) an area immediately west of Napatree Point, and 
2) a zone to the north and west of Napatree Point. See 
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Depending upon the tidal stage, sediment deposited west of 
Napatree Point may be transported southeastward by ebb-tidal 
currents or carried northwestward by flood-tidal currents. 
Since ebb currents off Napatree Point dominate flood cur-
rents in duration and magnitude, some material deposited 
just west of Napatree Point may be moved eastward along the 
upper shoreface immediately east of Napatree Point to 
station 4. However, most of the material is probably trans-
ported northwestward by the refraction of waves around 
Napatree Point. The accumulation of sediment to the north-
west of Napatree Point and between·Napatree Point and 
Sandy Point (Fig. 33) supports this reasoning. 
Figure 33. Bathymetric map of nearshore zone of Sandy 
Point Beach and Napatree Beach (modified from U.S. Coast and 
Geodetic Survey Map No. 358, 1968). Note shallow depths to 
the north and north-west of Napatree Point. In general, the 
shoreface sediments in this area consist of fine sand except 
in the immediate vicinity of Napatree Point. 
The following abbreviations denote various morpholog-
ical subdivisions of the tidal deltas, 1) Sw. B. indicates 
swash bar, 2) Ch. B. denotes channel-margin linear bar, 3) Ebb 
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Correlation of Computer Model With Measured Beach Changes 
Plots of the longshore gradient of the shore-parallel 
component of wave power (Fig-s. 23-2.5) may provide an in-
dication of possible zones of erosion and deposition asso-
ciated with various wave regimes. As discussed previously, 
the role of tidal currents is an important factor which may 
alter computer predicted.results. Another important fac-
tor to consider is whether or not the beach profile is in 
an erosional or accretional state. Sonu (1968}, and 
Sonu and Van Beek (1971) stressed that the response of a 
beach profile to wave action depends riot only on wave 
height, but also on the characteristics of the preceding 
profile. This concept is illustrated by the response of 
stations 1-4 to the large northeast storm of December 1, 
1974. With the exception of station 3, the early post-
storm profiles of December 8, 1974 (Figs . .5A, 6A, 7A, 8A, 
9A, and 10A) were generally flat to concave with a smooth 
beach surface. The absence of small berms, cusps and 
ridge and runnel systems also suggests that no significant 
post-storm accretion had occurred. The December 20 survey 
indicated appreciable erosion at stations 2 and 3 and mod-
erate accretion at stations 1 and 4. Noting that 6 sec 
waves having deep-water wave heights of 0 . .5 m, and 1.0 m 
approaching from the south (180°), southeast (13.5°), and 
south-southeast (160°) were common in early December, 1974, 
the model. predicts the following responses under these 
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wave conditions (results of the 1.0 m waves approaching from 
the south-southeast (160°) are disregarded): 1) moderate 
deposition at station 1, 2) slight erosion at stations 2 
and 3, and 3) slight accretion at station 4. Figures 23-25 
indicate that in general, the model gives a fair approxima-
tion of actual measured beach changes. The large amount 
of accretion at stations 1 and 4 from December 8, 1974 to 
January 14, 1975 is due partly to the availability of large 
amounts of sediment on the upper shoreface at these sta-
tions. The large amount of sediment moved to this area 
during the storm was deposited on the beach face and lower 
berm top by waves having heights less than 1.0 m during 
the post-storm recovery period. 
Disc·repancies between measured b.each changes and model 
predictions exist for waves approaching from the south-
southwest (200°) and the southwest (225°). Resulting beach 
changes caused by these waves are illustrated by the pro-
files surveyed on February 27, 1975 and April 4, 1975 
(Figs. 5A--10B). All stations exc·ept station 1 underwent 
slight to moderate erosion between February 22-27, 1.975, 
This was due to several days of 37-55 km/hr WSW winds 
coupled with spring tides. All stations except stations 
5 and 6 underwent considerable erosion during the storm 
of April 3-4, 1975; a storm that generated 37-55 km/hr 
WSW winds. The model (Figs, 23-24) predicts the following 
beach changes for the observed 6 sec waves of wave heights 
1,0 m, and 0.5 m approaching from the southwest: 
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1) slight deposition at station 1, and 2) slight erosion 
at stations 2, 3, and 4. The resulting be·ach changes due 
to the storms of February 25-27 and April 3-4 correspond 
well with the model. However, the magnitude of predicted 
erosion, particularly with the April storm is much less 
than field measurements indicate. This , ·-discrepancy may 
be explained by considering the duration and intensity of 
the two storms. Although neither storm generated nearshore 
breaker heights much greater than 1 m, each storm was slow 
- to pass by the Rhode Island coast. Consequently, several 
high tides occurred during each storm. This resulted in 
the high-water mark extending nearly to the base of the 
dune, and thus causing erosion of the berm top and beach 
face. Al though the February storm was- of lesser intensity 
than the April storm, its effective eroding potential on 
the beach was increased by its occurrence at spring tide. 
The model does not adequately account for all of the 
profile changes measured during the late spring and early 
summer, Noting that prevailing winds during this time are 
from the southwest and south-southeast, the combined model 
predictions for 6 sec, 200°, and 225° waves of heights of 
0.5 m, and 1.0 m (Figs. 23-24) indicate the following: 
1) slight deposition at stations 1, 2, and 4; and 2) slight 
erosion at station 3. With the exception of station 3, 
the model generally agrees with field observations. Station 
3 did not erode as predicted, but it also did not accrete 
as significantly as the other three stations. In each case, 
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the erosional profile of July 14 reflects the sediment 
loss caused by the storm of July 13. Accretion followed 
at greater than normal rates because of two interrelated 
factors: 1) due to the storm, there was an ample sediment 
supply along the upper shoreface of the surf zone; and 
2) following the storm, gentle waves approaching from 
the south and southwest were common. These waves were of 
low steepness and less than 1.0 min height. 
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Shoreline Changes and Sediment Sources 
A study of aerial photographs and topographic maps 
indicates that the configuration of the study area has 
changed drastically since 1847. Gross shoreline changes 
from 1847 to 1968 are illustrated in Figs. 34-35. Napatree 
showed negligible recession of the shoreline from 1839 to 
1913, but from 1913 to 1950, the shoreline receded north-
ward about 62 m and is encroaching into Little Narragansett 
Bay (U.S. Congress, 1950). Most of the recession probably 
was due to the 1938 hurricane, which severed the connection 
between Sandy Point and Napatree Beach. The hurricane 
resulted in severe erosion of sediment from the dunes and 
beach face. Some of this sediment was deposited in Little 
Narragansett Bay by overwash. Since the 1938 hurricane, 
Sandy Point has migrated northward at an average rate of 
neariy 9 m/yr (U.S. Congress, 1950), while the southern 
portion of Sandy Point has been rotated counterclockwise 
about 35 degrees during the period from 1938 to 1972. 
During this period, the tip of the Napatree spit has ro-
tated about 65 degrees clockwise to form a natural recurved 
spit. 
A detailed photogrammetric study of Napatree for the 
period 1939-1972 (Regan, 1976) revealed some interesting 
results. Between 1939 and 1963, the .dune line, mean high-
tide· line on the ocean side of the beach, and the mean 
high-tide line on the bay side of the beach all receded 
120 
Figure 34. Shoreline changes at Napatree and Sandy 
Point Beaches from 1847 to 1937 (from U.S. Dept. of Commerce, 
Coast and Geodetic Survey Map No. 358). Sandy Point migra-
ted slightly northward from 1847 to 1885. There was little 
change in shoreline configuration from 1885 to 1937, See 
text for complete discussion of measured shoreline changes. 
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. Figure 35. Shoreline changes at Napatree and Sandy 
Point Beaches from 1942 to 1968 (from U.S. Dept. of Commerce, 
Coast and Geodetic Survey Map No. 358). The 1938 hurricane 
severed the connection between Napatree Beach and Sandy 
Point Beach. Since the 1938 hu~ricane, the breach be-
tween Napatree Beach and Sandy Point has widened. The 
southern tip of Sandy Point and the spit north of Nap-
atree Point have migrated eastward since the hurricane. 
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northward at the annual average rate of 2.4 m, 2,0 m, and 
2.6 m respectively. Surprisingly, between 1963 and 1972, 
these same features migrated southward at the annual 
average rate of 2.3 m, 3.4 m, and 0.6 m respectively. 
Such changes might be explained by: 1) the higher 
frequency of major hurricanes between 1939 and 1963 than 
during the 1963-1972 period; 2) a change in the wave and 
littoral current energy acting along Napatree; or 3) the 
movement of an offshore sand source closer to the shoreline. 
Perhaps some of the volume of sand deposited on the middle 
and upper shoreface during the hurricanes of 1938, 1944, 
1954, 1955, and 1960 has been gradually worked towards 
the shoreline by large northeast storms. This sand may 
then be deposited on the beach face and upper shoreface 
near the shoreline by normal wave regimes (i.e., wave 
heights less than 1 m). 
A study of aerial photographs indicates the formation 
of swash bars and channel-margin linear bars along the 
southern tip of Sandy Point and immediately north of the 
eastern tip of the recurved Napatree spit (Fig. 33). 
Spillover lobes extend eastward from the channel-margin 
linear bars along the recurved Napatree spit. The major 
ebb channel is located immediately south of the mid-point 
between the southern tip of Sandy Point and the northern 
tip of the recurved Napatree spit. 
Measurements made from aerial photographs indicate that 
the cliff line at Napatree Point has receded approximately 
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6 m from 1939 to 1972. Although most of this erosion was 
probably directly related to hurricanes, it nonetheless 
supports the concept of Napatree Point being a small source 
of sediment today. As noted by the U.S. Congress (1950), 
the supply of beach material from the erosion of Watch Hill 
Point is now effectively gone since this headland is 
presently protected by seawalls. 
Data obtained by Regan (1976) indicates that the dune 
line at the eastern end of Napatree has migrated southward 
at a slightly faster rate than it has at the western end of 
NaFatree for the period 1963-1972. During my sampling of 
shoreface sediments, I observed that the nearshore bottom 
slope at station 1 was gentler than at stations 2, 3, and 4. 
These data may suggest that the moderate accumulation of 
sediment on the upper shoreface at station 1 results from 
a slight dominance of eastward drift. Eastward littoral 
drift is blocked by the shoreline configuration at Watch 
Hill Point which acts as a barricade to further eastward 
transport of sediment. It is probable that an insignificant 
amount of sediment is transported eastward around Watch 
Hill Point. However, the concept of a prevailing eastward 
drift does not explain the following: 1) the absence of 
a significant accumulation of sand on the western side of 
the groin immediately east of station 1; or 2)- the large 
accumulation of sand on the eastern side of this groin. 
These two apparently anomalous conditions -may be explained 
by considering the following: 1) the large magnitude of 
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erosion at station 1 associated with storm waves approach-
ing from the southeast and sou-th-southeast may account for 
the lack of significant sediment buildup on the western 
side of the groin neaF station 1; 2) this groin effectively 
traps sand flowing westward between Watch Hill Point and 
station 1 during periods when waves approach from the 
southeast; and 3) the large buildup of sand along this 
small stretch of shoreline can in part be attributed to man. 
In addition to being bulldozed nearly every year, the 
beach is periodically nourished with the small amount of 
sand that accumulates during the winter in the parking lots 
behind the beach. 
CONCLUSIONS 
The pre-ceding observations and discussion support 
the following conclusions: 
127 
1. A computer model is presented that describes the 
littoral drift system along Napatree Beach. Comparison of 
the model with empirical data indicates that the model 
gives a fair approximation of the actual erosional and 
depositional areas associated with various wave-approach 
directions. A more complete urnterstanding of the li,ttoral 
drift system and beach changes at Napatree can be obtained 
by considering: 1) the nature of the beach profile in 
relation to existing wave regimes, 2) the magnitude and 
duration of coastal storms, and 3) the role of tidal currents. 
2. The magnitude of erosion during coastal storms in-
creases when the storms: 1) are slow to pass by the Rhode 
Island coast, 2) occur at spring tides and 3) attack accre-
tionary beach profiles. 
3. Sedimentary transport along Napatree is controlled 
principally by wave action. The influence of tidal cur-
rents and wind-driven surface currents is secondary. 
4. Napatree undergoes a general cycle of erosion and 
accretion in response to varying wave regimes. Erosion 
is generally associated with southeast storm waves and 
accretion with south and southwest waves during fair 
weather. Accretional and erosional beach profiles are not 
unique to any part,icular season. 
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5, Although the south side of Napatree appears to 
have slowly migrated southward in recent years, this is 
probably due to the higher frequency of major hurricanes 
between 1937 and 1963 than from 1963 to the present. 
6. Both Watch Hill Point and Napatree Point, impor-
tant sources of sediment during the initial formation of 
Napatree, currently contribute little sediment to the local 
littoral drift system. Presently, only Napatree Point 
exists as a small sediment source. 
7, There is a continuous oscillation of eastward and 
westward littoral drift along Napatree with a very slight 
dominance of eastward drift. 
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APPENDIX A 
Tidal Current Velocities 
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Figure 36. Tidal current velocities in cm/sec for 
spring currents (U.S. Dept. of Commerce, NOAA, 1971). 
A, ebb current begins at The Race (Fig. 4). B, one hour 
after ebb gegins at The Race. C, two hours after ebb 
begins at The Race. This marks the time of maximum cur-















Figure 37. Tidal current velocities in cm/sec for 
spring currents (U.S. Dept. of Commerce, NOAA, 1971). 
A, three hours after ebb begins at The Race. B, four 












Figure 38. Tidal current velocities in cm/sec for 
spring currents (U.S. Dept. of Commerce, NOAA, 1971). 
A, five hours after ebb begins at The Race. B, six hours 













Figure 39. Tidal current velocities in cm/sec for 
spring currents (U.S. Dept. of Commerce, NOAA, 1971). 
A, flood tide begins at The Race. B, one hour after 
flood begins at The Race. C, two hours after flood begins 















Figure 40. Tidal current velocities in cm/sec for 
spring currents (U.S. Dept. of Commerce, NOAA, 1971). 
A, three hours after flood begins at The Race. This marks 
the time of maximum current occurring immediately east 
of Watch Hill Point (72 cm/sec). B, four hours after 
flood begins at The Race. C, five hours after flood be-


















Location-Quonset Point, Rhode Island 
WIND SPEED (KM/HR) 
PCT. MEAN 
WIND DIR. 0-6 7-18 19-J2 40-61 62-87 FREQ. SPEED 
N o.6 3.8 4.5 1.7 0.3 11.0 25.6 
NE o.4 3.6 4.1 1.4 0.3 9.9 26.6 
E 0.5 3.6 3.1 0.9 0.2 8.2 23.4 
SE 0.5 3.2 2.4 0.5 * 6.6 21.2 
s 0.9 5.6 4.4 0.7 0.1 11.7 21.7 
SW o.8 7.1 7.4 1. 3 0.2 16.8 24.0 
w 0.7 5,9 7.0 2. 9 • o.6 17.1 26.0 
NW 0.5 4.1 6.3 3.0 o.6 14.5 26.8 
CALM 4.1 4 .1 o.o 
T'OTAL PCT. 9,1 36. 9 39.2 12.3 2.3 
* indicates percentage frequency >o < 0. 05 
Source: U.S. Naval Weather Service Command (May, 1975) 
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APPENDIX C 
Table 3, BEACH SLOPE VS, MID-BEACH FACE MEAN GRAIN SIZE 
Station Slope Gr. Size Gr. Size 
Date {No.} (degrees} (mm) (~) 
27 Jan 75 1 6.5 o.48 1.06 
27 Jan 75 2 4.0 0.23 2.11 
27 Jan 75 3 5,0 0.32 1.62 
27 Jan 75 4 5.0 0.28 1.81 
27 Jan 75 5 4. 5.1 0,29 1.79 
27 Jan 75 6 4.5 0.62 o.68 
22 Feb 75 1 6.o 0.28 1.84 
22 Feb 75 2 5.0 0. 21 •. 2.26 
22 Feb 75 3 5.0 0.26 1.96 
22 Feb 75 4 5.0 0.19 2.36 
22 Feb 75 5 7.5 0,35* 1,50* 
22 Feb 75 6 5.0 0,50* 0,70* 
15 Mar 75 1 6.o 0.21 2.23 
15 Mar 75 2 5.0 0.24 2.06 
15 Mar 75 3 5.0 0.25 1.98 
15 Mar 75 4 6.o 0.25 1.97 
15 Mar 75 5 6.o 0,35* 1,50* 
15 Mar 75 6 5.0 0,'10* 0,50* 
18 Apr 75 1 7.0 0.36 1.49 
18 Apr 75 2 4.0 0.22 2.20 
18 Apr 75 3 4.0 0.22 2.17 
18 Apr 75 4 6.o 0.19 2.37 
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(Table 3, con.) 
Station Slope Gr. Size Gr. Size 
Date (No.) (degrees) (mm) (¢) 
18 Apr 75 5 8.0 0.35* 1.50* 
18 Apr 75 6 4.5 0.59* 0.75* 
14 Jul 75 1 6.o 0.23 2.11 
14 Jul 75 2 4.0 0.24 2.08 
14 Jul 75 3 4.o 0,19 2.40 
14 Jul 75 4 4.0 0.22 2.22 
14 Jul 75 5 5.0 0.35* 1.50* 
14 Jul 75 6 5.5 0.59* o ,75* 
4 Aug 75 1 6.o 0.20 2.33 
4 Aug 75 2· 4.o 0.16 2. 64 
4 Aug 75 3 3.0 0.17 2.53 
4 Aug 75 4 4.o 0.17 2.58 
4 Aug 75 5 5.0 o.35~ 1. 50* 
4 Aug 75 6 5.0 o.66 0.59 
* indicates mean grain size estimated by visual comparison 
with sieve fractions. 
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APPENDIX D 
TABLE 4 - Size Distribution of Sediment Samples 
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EXPLANATION OF SAMPLE NUMBERING CODE 
Shoreface Samples 
Samples are numbered "X-Y" where "X" denotes the 
station number. "Y" values are numbered 1-4 for each sta-
tion where number 1 represents the sample nearest the shore-
line. The next sample collected seaward of number 1 is 
number 2. Number 3 indicates the next sample seaward of 
number 2, etc. See Figs. 16-18 for location of samples. 
Mid-Beach Face, Dune Crest, and Berm Top Samples 
Samples are numbered "X-Y" where "X" denotes the 
station number. The following abbreviations for "Y" 
are used: 
m- mid-beach face 
b- berm top 
d- dune crest 
lg- lag deposit at mid-beach face 
S- beach face sample taken at low water mark on 
southern side of the eastern tip of the recurved spit. 
This location is due south of station 6. 
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TABLE 4 -SIZE DISTRIBUTION OF SHOREFACE S DIMENTS 
Date-3-16-7S 
SIZE SAMPLE NUMBER 
L !!!!!!. 1-1(%) 1 .. 2(%) 1-3(%) 4 .. 1(%) 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-1.75 3.36 o.oo o.oo 0.09 0.30 
... 1.50 2.83 0.11 0~00 o.oo 0.22 
-1.25 2.38 0.12 o.oo o.11 0.30 
-1.00 2.00 0.12 o.oo 0.12 0.30 
-0.75 1.68 0.18 o.oo 0.09 0.2s 
-0.50 1.41 o.Ja o.oo 0.02 0.32 
-0.25 1.19 0.64 0.04 o.35 0.2s 
o.oo 1.00 2.60 0.04 0.28 0.44 
0.2s 0.84 2.32 0.01 o.39 0.51 
o.so 0.11 2.a5 0.23 0.46 o.s8 
0.15 0.59 3.65 o.53 0.62 o.as 
1.00 0.50 6.20 1.59 1.06 1.33 
1.25 0.42 9~29 2.96 1.10 1.59 
1.50 o.35 9.37 , 3.81 1.69 1.67 
1.75 o.Jo 13.21 6.21 3.09 2.92 
2.00 0.25 11.63 6.91 4.44 4.01 
2.2.s 0.21 11.97 6~2 5.04 4.98 
2.so 0.18 10.32 10.28 9.65 9.31 
2.15 0.1.s a.90 14.27 12.72 16.68 
J.oo 0.12 4.34 16.2,5 16.04 21.66 
3.25 0~10 1.01 13.34 13.82 16.77 
3.50 o.o9 o.s3 10.04 14.03 9.96 
3.75 0.01 0.12 5.17 9.21 3.76 
4.00 0.06 0.02 1.02 2.63 0.51 
4.25 o.os o.o4 o.93 2.34 o.39 
Mean Size (-(6) 1.66 2.58 2.75 2.5a 
(mm) 0.32 0.17 0.15 0.17 
Standard 
deviation(9') o.a2 o.73 0.81 o.a1 
Skewness -0.61 -0.56 -1.38 -2.14 
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( Table 4,con) 
DATE 
3;.16-75/ 4 - 29 - 75 
SIZE SAMPLE NUMBER 
...L !!!!!!. 4-2(%) I 1-1(%) 1-2(%) 1-3(%) 
-2.00 4.oo o.oo o.oo o.oo o.oo 
-1.75 3.36 o.33 o.oo o.oo o.oo 
-1.50 2.83 0.18 o.oo o.oo o.oo 
-1.25 2.38 0.2s o.oo 0.14 o.oo 
-1.00 2.00 o.39 o.oo 0.12 o.oo 
-0.75 1.68 0.29 o.oo 0.09 o.oo 
-0.50 1.41 0.63 0.06 0.18 o.oo 
-0.25 1.19 0.69 0.28 0.14 0.01 
o.oo 1.00 1.29 0.14 0.30 0.10 
0.2s o.84 1.72 o.36 0.53 o.34 
a.so 0.71 2.36 0.69 0.92 0.19 
o.75 o.s9 4.64 1.30 1.47 0.32 
1.00 o.so .9.02 2.25 2.81 1.09 
1.25 0.42. 16.42 3.24 3.61 3.15 
1.50 o.35 16.02 3.55 3.95 5.54 
1.75 0.30 21.51 5.55 6.10 12.16 
2.00 0.2s 11.01 5.81 5.94 12.40 
2.25 0.21 5.47 6.81 7.64 16.25 
2.50 0.1a 2.83 8.05 11.18 13.74 
2.75 0.15 1.40 11.72 20.21 15.89 
3.00 0.12 1.89 12.83 18.75 9.35 
3.25 0.10 0.57 12.10 10.72 4.82 
3.50 0.09 0.10 11.10 3.96 2.10 
3.75 0.01 0.25 8.75 0.92 1.33 
4.oo 0.06 0.06 2.67 0.14 o.33 
4.25 o.os 0.08 2.74 0.20 0.31 
Mean Size(.O) 1.38 2.61 2.35 2.23 
Standard 
mm 0.38 0.16 0.19 0.21 
deviation(,) 0.73 o.87 0.77 0.62 
Skewness -0.64 -0.66 -1.19 -0.10 
1.51 
(Table 4, con.) 
DATE 
4 - 29 - 75 
SIZE SAMPLE NUMBER 
~£12 !!!!!!. 2-1~%2 2-2·t~l 2--~%2 4-1~%2 
-2.00 4~00 0.59 o.oo o.oo 0.14 
-1.75·, 3~6 0.26 o.oo. o.oo 0.28 
-1.50 2~83 0.14 o.oo o.oo o.08 
-1.25 2.38 0.04 o.oo o.oo 0.28 
-1.00 2~00 0.09 o.oo o.oo 0.22 
-0.75 1~68 o.o3 o.oo 0.01 0.40 
-a.so l~l 0.01 0.01 o.oo 0.52· 
-0.25 1~19 o.o9 o.os 0.01 o.36 
• o.oo 1~00 o.o9 0.09 0.01 o.4o 
0.25 0~84 0.13 0.15 0.02 0.30 
a.so 0.11 0.20 0.22 o.o3 o.34 
o.75 0~9 o.33 o.37 o.05 o.3o 
1.00 0~50 0.74 a.as 0.24- 0.41 
1.25 0.42 1.48 1.69 0.67 0.10 
1.50 0~35 1.91 2.18 1.14 1.16 
1.75 0~30 4.11 3.30 2.10 3.55 
2.00 0.2s 5.16 3.45 3.54 7.67 
2.25 0.21 7.60 3.43 4.59 11.91 
2.50 0.18 9.64 5.81 6.76 17.03 
2.75 0.15 15.75 9.87 15.67 24.86 
3.00 0.12 16.69 14.46 22.76 17.71 
3.25 0~10 15.26 18.00 20.28 7.82 
3.50 0~09 1.2.66 17.74 14.27 2.64 
3.75 0.07 6.48 12.88 6.11 0.10 
4.oo 0~06 0.13 3.13 1.13 0.14 
4.25 0.05 0.40 2.31 0.04 0.01 
Mean Size (0) 2,.64 2.91 2.84 2.39 
mm 0.16 0.13 0.14 0.19 
Standard 
deviation (d) o.s1 0.12 0.54 o.75 
Skewness -2.34 -1.10 -0.96 -2.65 
1.52 
(Table ~ con.) 
DATE 
4-29-75 / 7- 19 - 75 
SIZE SAMPLE NUMBER 
~.ei) !!!!!!. 4-2~7.~ I 1-1 ~7.~ l-2~%l 1-J ~7.l 
-2.25 4.75 5.10 o.oo o.oo o.oo 
-2.00 4.00 9.47 o.oo o.oo o.oo 
-1.75 3.36 2.94 o.oo o.oo o.oo 
-1.50 2.83 6.74 o.oo o.oo o.oo 
-1.25 2.38 4.12 o.oo o.oo o.oo 
-1.00 2.00 8.35 o.oo o.oo o.oo 
-0.75 1.68 9.76 o.oo o.oo 0.01 
-0.50 1.41 10.60 o.oo o.oo 0.05 
-0.25 1.19 7.90 o.oo 0.09 0.01 
o.oo 1.00 7.10 o.oJ 0.09 0.05 
0-.25 o.84 5.35 0.06 0.09 0.11 
0.50 o.n 4.70 0.06 0.33 0.24 
o.75 0.59 3.82 0.06 0.53 a.so 
1.00 0.50 3.57 0.12 o.89 1.34 
1.25 o.42 3.04 0.21 1.99 2.44 
1.50 o.35 2.12 0.18 2.67 5.29 
1.75 0.30 1.92 o.43 ·4.09 7.03 
2.00 0.25 o.ao 1.59 7.20 11.69 
2.25 0.21 o.65 2.71 6.61 13.61 
2.50 0.18 0.67 9.70 10.61 13.50 
2.75 0.1, o.33 13.63 12.50 12.91 
3.oo 0.12 0.45 22-.26 15.44 13.66 
3.25 0.10 0.18 21.65 14.22 8.58 
3.50 0.09 0.20 18.66 13.16 5.43 
3.75 0.01 0.08 6.65 i.56 2.97 
4.00 0.06 0.02 o.88 0.95 0.32 
4.25 o.os o.oo 1.10 1.01 0.26 
Mean Size (0) -0.57 2.96 2.68 2.37 
mm 1.48 0.13 0.16 0.19 
Standard 
deviation (,ej) 1.17 o.47 o.n 0.67 
Skewness 0.57 -0.82 -0.72 -0.28 
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(Table 4, con.) 
DATE 
7 - 19 - 75 
SIZE SAMPLE NUMBER 
(0) !!!!! 2-1(%) 2-2(%) 2-3(%) 3-1(%) 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-1.75 3.36 o.oo 0.13 o.oo o.oo 
-1.50 2.83 o.oo o.oo o.oo o.oo 
-1.25 2.38 o.oo 0.30 o.oo o.oo 
-1.00 2.00 o.oo 0.17 o.oo o.oo 
-0.75 1.68 o.oo 0.13 0~05 o.oo 
-0.50 1.41 o.oo_· 0.10 0.08 o.oo 
-0.25 1.19 o.oo 0.17 0.10 o.oo 
o.oo 1~00 o.oo 0.24 0.13 o.oo 
0.2s o.a4 o.oo 0.30 0.22 0.10 
a.so 0.11 0.24 0.54 o.47 o • .:.o 
0.75 0.59 0.24 1.14 1.11 0.10 
1.00 o.so 0.24 2.s2 2.76 0.10 
1.25 0.42 0.24 5.94 5.95 0.41 
1.50 o.35 0.73 9.00 8.18 1.02 
1.75 0.30 1.22 8.26 a.so 1.94 
2.00 0.2s 2.43 10.85 10.73 5.21 
2.25 0.21 4.62 9.03 9.66 9.70 
2,80 0.18 6.57 ~0.95 10.04 19.10 
2.75 0.15 13.63 10.58 10.71 19.20 
3.00 0.12 23.11 12.53 12.19 25.23 
3.25 0.10 22.87 B.70 9.26 11.75 
3.50 0.09 18.25 ,_. 5.67 6.47 5.11 
3.75 Q.07 5.11 2.22 2.68 o.s2 
4.oo 0.06 0.24 0.17 0.1s o.oo 
4.25 o.o, 0.24 0.01 0.22 0.10 
Mean Size (0) 2.89 2.19 2.25 2.61 
mm 0.13 0.22 0.21 0.16 
Standard 
deviation (lt) o.so o.s3 0.1a ·o.46 
Skewness -1.28 -0.75 -0.28 -0.73 
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(Table 4, con.) 
DATE 
7 - 19- 75 
SIZE SAMPLE NUMBER 
<22 !!!!. 3-2('.1.) 3-3('.1.) 3-4('.1.) 4-l(o/.l 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-1.75 3.36 o.oo o.oo o.oo 0.23 
-1.50 2~83 o.oo o.oo o.oo o. 71 
-1.25 2.38 o.oo o.oo o.oo o.46 
-1.00 2.00 o.oo o.oo o.oo 0.28 
-0.75 1~68 o.oo o.oo o.oo o.05 
-0.50 1.41 o.oo o.oo o.oo 0.23 
-0.25 1.19 0.02 o.oo o.oo 0.18 
o.oo 1.00 0.02 o.oo o.oo 0.05 
0.25 o.84 0.04 o.oo o.oo 0.05 
0.50 0.71 0.02 o.oo 0.20 0.09 
0.75 0.59 0.05 0.19 0.30 0.09 
1.00 0.50 0.01 0.29 1.48 0.09 
1.25 o.42 0.18 o.48 1.08 0.09 
1.50 o.Js 0.42 1.14 2.07 0.09 
1.75 0.30 o.s6 1.33 2.36 0.14 
2.00 0.2s 2.40 2.19 3.35 o.46 
2.25 0.21 5.16 2.95 4.63 1.80 
2.50 0.18 9.97 5.14 7.68 7.20 
2.75 0.15 12.29 12.19 13.30 18.50 
3.00 0.12 22.29 25.33 27.78 32.30 
3.25 0.10 23.05 25.71 21.18 25.38 
3.50 0.09 16.39 17.43 12.02 10.38 
3.75 0.01 6.04 4.95 2.27 1.29 
4.00 0.06 0.47 o.38 0.20 0.14 
4.25 o.os 0.26 0.29 0.10 0.05 
Mean Size U,) ~~1q t>:1~ ~:I~ 2.8i mm 0.1 
Standard 
deviation (.6) 0.47 o.48 0.58 0.66 
Skewness -0.85 -1.33 -1.35 -4.58 
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(Table 4, con.) DATE 
7 -19- 75 
SIZE SAMPLE NUMBER 
~ !!!. 4-2~%,2 4-3~%2 
-3.00 s.oo o.oo 3.63 
-2.75 6.72 o.oo 0.42 
-2.50 .5 .6.5 o.oo o.oo 
-2.25 4.75 2.15 l.91 
-2.00 4.00 5.51 2.30 
-l.75 3.36 4.16 2.93 
-l.50 2.83 8.60 9.23 
-1.25 2.38 s.05 11.22 
-1.00 2.00 10.28 11.02 
-0.75 1.68 9.56 15.88 
-0.50 1.41 9.73 15.94 
-0.25 1.19 6.12 7.14 
o.oo 1.00 4.13 2.98 
0.25 o.84 4.38 2.09 
0.50 o.n 3.14 1.31 
0.15 0 • .59 2.34 0.11 
1.00 0 • .50 1.79 0.50 
1.25 o.42 1.41 0.51 
1.50 0.35 1.52 o.66 
1.75 0.30 1.65 0.86 
2.00 0.25 2.92 1.22 
2.25 0.21 3.06 o.64 
2.50 0.18 2.84 o.33 
2.75 0.1.5 2.42 0.18 
3.00 0.12 1.93 o.u 
3.25 0.10 1.16 0.10 
3.50 0.09 0.99 0.11 
• J.75 0.01 0.14 0.03 
4.00 0.06 o.oo o.oo 
4.25 o.o, 0.03 o.oo 
Mean Size (.o) (~ -0.29 (1.22) -0.93 (1.90) 
Siandard dev • ( ) o:~l 8:~~ ewness 
Table 4 
Size Distribution of Onshore Beach Samples 
DATE 1- 27- 75 
SIZE SAMPLE NUMBER 
~ !!!!. l-m(%) 2-m<~l 3-m(%) 4-m(%) 
-2.00 4.oo o.oo o.oo o.oo o.oo 
-1.75 3~36 o.oo o.oo o.oo o.oo 
-1.50 2.83 o.oo o.oo 0.01 o.oo 
-1.25 2~8 0.11 o.oo 0.03 o.o4 
-1.00 2.00 0.14 o.oo o.08 0.02 
-0.75 1.68 0.24 o.oo 0.30 0.06 
-0.50 1~41 0.1s 0.02 0.30 0.24 
-0.25 1~19 1.56 0.02 0.10 0.21 
o.oo 1.00 4.19 0.03 1.19 0.60 
0.25 0.84 7.45 o.08 1.96 o.99 
a.so 0.71 s.12 0.16 2.68 1.31 
0.75 0 • .59 B.70 o.34 3.54 2.05 
1.00 o~o 13.74 1.23 5.86 2.84 
1.25 0.42 13.25 4.52 11.16 4.44 
1.50 0~35 12.97 7.16 10.42 s.33 
1.75 0.30 10.83 12.44 15.80 is.so 
2.00 0~25, s.97 13.70 13.62 20.24 
2.25 0.21 5.42 16.87 13.07 20.03 
2.50 0~18 2.98 17.40 10.52 l~.59 
2.75 0.15 0.24 16.85 5.55 4.09 
3.00 0.12 0.23 7.48 2.53 1.76 
3.25 0.10 0.02 1.23 o.37 0.21 
3.50 0~09 o.oo 0.37 0.1s 0.13 
3.75 0.01 o.oo 0.05 0.05 0.02 
4.00 0.06 o.oo 0.02 o.oo 0.02 
4.25 0~05 o.oo 0.05 o.oo o.oo 
Mean Size ((S) b~~ 2:.11 1.62 1.81 mm 0.23 0.32 0~28 
Standard 
deviation (0) 0.11 0.53 0.12 0.57 
Skewness -0.23 -0.37 -0.66 -1.09 
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(Table 4 , con.) 
DATE 
1- 27 - 75 
SIZE SAMPLE NUMBER 
~ !!!!. 5-m(%) 6-m(%) S(%) 2-b(%) 
-2.00 4.00 o.oo o.oo . o.oo o.oo 
-1.75 3~36 o.oo 0.11 o.oo o.oo 
-1.50 2.83 o.oo 0.15 o.oo o.oo 
-1.25 2~8 o.oo 0.13 0.20 o.oo· 
-1.00 2.00 o.oo 0.22 0.05 0.04 
-0.75 1.68 o.oo 0.56 0.2s o.oo 
-o.so 1.41 o.oo 1.79 0.56 0.13 
-0 .2.5 1.19 0.01 4.07 o.s9 o.67 
o.oo 1~00 0.04 10.04 1.96 2.2.7 
0.25 o.s4 0.18 14.45 3.97 4.48 
o.so 0.71 o.47 16.45 7.17 6.20 
o.75 0.59 1.31 12.67 9.47 7.57. 
1.00 o.so 3.93 10.47 19.23 9.48 
1.25 0.42 10.26 8.47 22.14 16.56 
1.50 o.3.5 12.02 4.23 18.98 11.84 
1.75 0.30 17.98 4 .•. 23 11.10 14.34 
2.00 0~25 14.78 3.54 3.60 9.68 
2.25 0.21 18.55 3.21 0.29 7.15 
2.50 0.18 15.48 3.68 0.08 .5.34 
2.75 0.15 4.29 1.03 0.03 3.03 
3.oo 0.12 0.57 o.36 0.01 o.9s 
3.25 0.10 o.os 0.06 o.oo 0.15 
3.50 0.09 o.o4 0.03 o.oo o.o9 
3.75 0.01 0.01 0.01 o.oo 0.01 
4.00 0.06 o.oo o.oo o.oo o.oo 
4.25 0~05 0.01 0.02 o.oo 0.01 
Mean Size(~) 1.79 0.68 1.01 1.31 
mm 0.29 0.62 a.so o.40 Standard 
deviation (!1) o.so o.78 0.51 0.10 
Skewness -0.31 o.sa -0.85 -0.06 
1.58 
(Table 4, con.) 
DATE 
1-27-75 / 2- 22- 75 
SIZE SAMPLE NUMBER 
~lil !!!. l-d~%l I l-m~%l 2-m~%l 3-m~%l 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-1.75 3~36 o.oo o.oo o.oo o.oo 
-1.50 2.83 o.oo o.oo o.oo 0.05 
-1.25 2.38 o.oo o.oo o.oo o.oo 
-1.00 2.00 o.oo o.oo o.oo o.oo 
-0.75 1.68 o.oo 0.01 o.oo o.oo 
-0.50 1.41 0.02 o.o3 o.oo 0.02 
-0.25 1.19 0.01 0.08 0.03 0.02 
o.oo 1 .. 00 o.34 0.42 0.03 0.03 
0.25 o.84 . 1.49 1.29 0.04 0.03 
o.so 0.11 3.38 2.43 0.04 0.06 
0.15 0.59 6.27 4.01 0.11 0.22 
1.00 0.50 9.87 5.85 0.51 1.20 
1.25 0.42 16.24 9.69 1.94 6.13 
1.50 o.35 13.56 6.80 4.74 10.89 
1.75 0.30 17 .52 10.04 9.37 18.37 
2.00 0.25 12.08 10.60 12.24 16.53 
2.25 0.21 9.35 14.42 15.63 15.76 
2.50 0.18 5.80 14.22 20.98 14.06 
2.75 0.15 2.38 13.68 18.90 10.74 
3.00 0.12 1.20 5.26 11.50 4.92 
3.25 0.10 0.18 o.88 3.23 o.64 
3.50 0.09 0.11 0.25 0.58 0.24 
3.75 0.01 0.05 0.02 o.08 0.05 
4.oo 0.06 0.01 o.oo 0.01 0.02 
4.25 0.05 0.02 0.01 0.02 0.02 
Mean Size (r/) 1.47 1.84 2.26 1.96 
Standard mm o.36 0.28 
0.20 0.26 
deviation (,0) 0.60 0.11 0.50 0.51 
Skewness 0.01 -0.49 -0.46 -0.14 
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(Table 4, cone) 
DATE 
2- 22 - 75 / 3- 15 .. 75 
SIZE SAMPLE NUMBER 
~l !!!!! 4-m~%l 3-lg~%2 ~ I l-m~%l 
-2.75 s.12 o.oo 0.59: 1 o.oo o.oo 
-2.50 5.65 o.oo 0.59 o.oo o.oo 
-2.25 4.75 o.oo 1.40 o.oo o.oo 
-2.00. 4.oo o.oo 4.21 o.oo o.oo 
-l.75 3.36 o.oo 4.14 o.oo o.oo 
-1.50 2.83 o.oo 13.52 o.oo o.oo 
-1.25 2.38 o.oo 11.54 0.02 o.oo 
-1.00 2.00 o.oo 5.25 0.01 o.oo 
-0.75 1.68 o.oo 1.65 o.o4 o.oo 
-0.50 1.41 o.oo 2.34 0.11 o.oo 
-0.25 1.19 o.oo 3.98 0.23 0.02 
o.oo 1.00 0.02 9.08 o.68 0.01 
0.25 0~84 0.01 10.11 1.60 0.03 
0.50 0.11 o.os 6.50 2.86 . 0.07 
o.75 0.59 o.os 3.72 5.50 0.10 
1.00 0~50 0.15 2.79 9.ao 0.29 
1.25 0.42 0.32 2.79 19.78 1.41 
1.50 o.35 1.05 2.40 15.75 2.11 
1.75 0.30 5.33 2.89 19.88 6.41 
2.00 0.25 11 12 2.96 l0.76 13.62 
2.25 0.21 18.53 i.65 6.92 23.21 
2.50 0.18 23.90 2.40 4.29 27.36 
2.75 0.15 24.26 1.56 1.32 17.62 
3.oo 0.12 12.55 0.64 0.23 6.60 
3.25 0.10 2.33 0.11 o.os 0.41 
3.50 0.09 0.25 o.os 0.03 0.06 
3.75 0.01 0.01 0.01 0.02 0.10 
4.00 0.06 0.01 0.01 0.01 o.oo 
4.25 o.os 0.01 0.01 0.03 o.oo 
Mean Size (0) (DDn) 2.36 (0.19) -0.29 (1.22) 1.39 .<0.38) 2.23 (0.21) 
Standard dev. (0) 0.40 1.35 0.56 0.40 
Skewness -0.48 0.44 -0.19 -0.73 
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(Table 4' con.) 
DATE 
3 - 15 - 75 I 4 - 18 - 75 
SIZE SAMPLE NUMBER 
~~n .!!!!!. 2-m~%l 3-m(%) 4-m(%)/ l-m(%~ 
-2.00 4~00 o.oo o.oo o.oo o..oo 
-1.75 3.36 o.oo 0.21 o.oo o.oo 
-1.50 2.83 o.oo 0.05 o.oo o.oo 
-1.25 2.38 o.oo 0.29 0.01 o.o3 
-1.00 2.00 o.oo 0.22 o.oo o.oo 
-0.75 1.68 0.08 0.31 0.03 0.01 
-0.50 1.41 0.22 0.16 0.04 0.21 
-0.25 1~19 0.20 0.14 0.15 0.50 
o.oo 1.00 o.39 0.14 0.06 o.n 
o.25. 0.84 o.79 0.15 0.20 1.21 . 
0.50 0.,71 0.84 0.09 0.40 1.77 
0.75 0.59 1.30 0.17 1.01 4.18 
1.00 0.50 1.75 0.54 2.43 11.36 
1.25 0.42 3.13 3.22 6.06 17.54 
1.50 o.Js 5.42 8.84 9.40 17.26 
1.75 0~30 9.24 12.99 11.78 10.42 
2.00 0.25 16.56 20.81 18.08 11.65 
2.25 0.21 20.13 21.43 18.72 11.18 
2.50 0.18 17.80 15.06 14.35 7.35 
2.75 0.15 12.45 9.65 10.69 3.81 
3.00 0.12 7.41 4.52 5.22 0.60 
3.25 0.10 1.86 o.s1 1.06 0.12 
3.50 0.09 0.41 0.21 0.24 0.02 
3.75 0.01 0.03 o.oo 0.02 o.oo 
4.oo 0.06 o.oo o.oo o.oo o.oo 
4.25 o.os o.oo o.oo o.oo 0.01 
Mean Size (0) 2.06 1.98 1.97 1.49 
Standard mm 0.24 0.25 0.2s o.35 
deviation (,0) 0.61 0.59 0.56 0.62 
Skewness -1.09 -2.07 -0.59 -0.18 
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(Table 4, con.) 
DATE 
4 - 18 - 75 I 7 -14- 75 
SIZE SAMPLE NUMBER 
~2 !!!! 2-m~%2 3-m~%) 4-m~%2 l-m~%2 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-1.75 3.36 o.oo o.oo o.oo o.oo 
-1.50 2.83 o.oo o.oo o.oo o.oo 
-1.25 2.38 o.oo o.oo o.oo o.oo 
-~.oo 2~00 o.oo o.oo o.oo o.oo 
-0.75 1~68 o.oo o.oo o.oo o.oo 
-0.50 1~41 o.oo o.oo o.oo o.oo 
-0.25 1.19 0.03 0.03 o.o4 o.oo 
o.oo 1.00 0.01 o.oo o.oo 0.03 
0.25 o.84 0.03 0.01 o.oo 0.02 
:0.50 o.n 0.03 0.03 o.oo 0.16 
0.75 0 • .59 0.06 0.03 0.01 0.62 
1.00 o.so 0.30 0.10 0.01 1.77 
. 1.25 0~42 1.57 1.00 0.09 3 • .84 
1.so o.Js 5.36 6.17 0.69 6.95 
1-.75 a.Jo 9.69 10.91 3.22 14.53 
2.00 0.2, 16.78 18.86 12.31 14.63 
2.25 0~21 19.81 21.11 20.99 14.06 
2.50 0.18 18.55 17.23 24.82 13.95 
2.75 0.1.5 16.07 13.21 21.33 16.09 
J.oo 0.12 8.91 8.53 13.05 10.59 
3.25 0.10 2.13 2.21 2.85 1.85 
3.50 0.09 0.59 0.54 0.51 o.a4 
3.75 0.01 0.06 0.03 0.06 0.03 
4.00 0.06 0.01 o.oo o.oo 0.02 
4.25 o.os o.oo 0.01 0.01 o.oo 
Mean Size (¢) 2.20 2.11 2.37 2.11 
mm 0.22 0~22 0.19 0.23 
Standard 
deviation (0) o.47 0.46 0.38 0.56 
Skewness -0.21 0.01 -0.21 -0.2.5 
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(Table 4 ~ con.) 
DATE 
7 - 14 - 75 I 8 - 4 - 75 
SIZE SAMPLE NUMBER 
~ro !!!!!. 2-m,%2 3-m,%2 4-m,%2 1-m,1.l 
-2.00 4.00 o.oo o.oo o.oo o.oo 
-l.75 3.36 o.oo o.oo o.oo o.oo 
-1.50 2.83 o.oo o.oo o.oo o.oo 
-l.25 2.38 o.oo o.oo o.oo o.oo 
-1.00 2.00 o.oo o.oo o.oo o.oo 
-0.75 l.68 o.oo o.oo o.oo o.oo 
-0.SO 1.41 o.oo o.oo o.oo o.oo 
-0.25 1.19 o.oo o.oo o.oo o.oo 
o.oo 1.00 0.04 0.01 o.oo o.oo 
0.25 o.s4 o.34 0.02 o.oo 0.02 
0.50 0.71 0.44 0.02 0.03 0.05 
o.75 0.59 o.31 0.02 o.oo 0.16 
1.00 o.so o.48 0.07 0.01 o.54 
1.25 0.42 3.71 0.1a 0.09 L.76 
1.so 0..35 9.14 o.43 1.38 4.93 
1.75 0.30 12.04 5.13 a.n 7 .74 
2.00 0.2.5 17.32 13.06 20.21 12.59 
2.25 0.21 17.70 16.95 24.49 14.69 
2.50 0.1a 15.06 19.02 21.51 15.52 
2.75 0.1.5 12.23 24.15 13.80 16.77 
3.00 0.12 7 .45 16.36 7 .86 16.39 
3.25 0.10 3.13 3.28 1.66 1.00 
3.50 0.09 o.sa 1 .. 21 0.01 1.62 
3.75 0.01 0.03 0.06 0.21 0.20 
4.00 0.06 0.01 0.02 0.01 o.oo 
4.25 0.0.5 o.oo o.oo o.oo 0.02 
Mean Size (0) 2.os 2.40 2.22 2.33 
Standard 
mm o.2.4 0.19 0.21 0.20 
deviation (0) 0.54 0.41 0.39 0.54 
Skewness -0.24 -0.27 0.20 -0.34 
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(Table 4, con.) 
DATE- 8-4-75 
SIZE SAMPLE NUMBER 
(0) !!!!!. 2-m(%) 3-m(%) 4-m(%) 6-m(%) 
-3.00 8.oo o.oo o.oo o.oo o.99 
-2.75 6 .. 72 o.oo o.oo o.oo o.65 
-2.50 5~65 o.oo o.oo o.oo 0.58 
-2.25 4.75 o.oo o.oo o.oo o.87 
-2.00 4~.00 o.oo o.oo o.oo o.95 
-l.75 3~36 o.oo o.oo o.oo o.80 
-1.50 2.83 o.oo o.oo o.oo l.79 
-1.25 2.38 o.oo o.oo o.oo l.65 
-1.00 2.00 o.oo o.oo o.oo 2.66 
-0.75 1~68 o.oo o.oo o.oo 3.03 
-0.50 1~41 o.oo o.oo o.oo 5.06 
-0.25 1~19 o.oo o.oo o.oo 6.10 
o.oo 1~00 o.oo o.oo o.oo 5.83 
0.25 o.a4 o.oo o.oo o.oo 6.31 
a.so 0~71 o.oo o.oo 0.01 5.93 
o._75 0 • .59 o.oo o.oo o.oo 5.60 
1.00 0~.50 0.03 o.o3 o.oo 5.92 
1.25 0~42 0.01 0.11 0.01 9.13 
1.so Q..35 0.10 0.51 0.07 10.81 
1.75 0.30 o.53 1.81 o.45 8.20 
2.00 0.25 3.57 7.75 3.95 6.59 
2.25 0~21 10.45 14.57 13.71 3.84 
2.50 0.1a 17.14 19.30 21.12 3.19 
2.75 0~1$ 25.15 23.25 27.26 1.98 
3.oo 0~12 30.18 23.03 24.95 1.08 
3.25 0.,10 10.46 7.68 7.14 0.28 
3.50 0.09 2.19 l.73 1.18 0.10 
3.15 0~07 0.11 0.22 0.12 0.03 
4.00 o.oo o.oo 0.01 o.oo o.oo 
4.25 0.05 o.oo 0.01 o.oo o.oo 
Mean Size (.O) (mm) 2.64 (0.16) 2.53 (0~17) 2.58 (0.17) 0.59 (0.66)· 
Standard dev. (13) 0.35 0.40 o.34 1.26 
Skewness -0.39 -0.29 -0.22 -0.61 
164 
APPENDIX E 
Explanation of Moment Measures Used in Grain-Si~e Analysis 
where: 
Mean = X% = £.f m/n 




f= weight per cent (frequency) in each grain-size 
grade present (1/4 phi intervals). 
m= midpoint of each grain-size grade in phi intervals. 
I 
n= total number in sample which is 100 when f is 
in per cent. 
Source: Carver, (1971). 
